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a b s t r a c t
Selected activities of the Materials Research Department at Risø National
Laboratory during 2003 are described. The Scientific work is described
in five chapters and a survey is given of the Department’s educational
activities along with a list of published work, prizes, organized mee-
tings, and membership of committees. Furthermore, the main figures
outlining the funding and expenditures of the Department are given
and a list of staff members is included.
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M i s s i o n
Risø’s mission is to promote an innovative and environmentally sustainable
technological development within the areas of energy, industrial technology
and bioproduction through research, education, innovation and advisory
services.
V i s i o n
Risø’s research shall extend the boundaries for the understanding of natu-
re’s processes and interactions right down to the molecular nanoscale. 
The results obtained shall set new trends for the development of sustain-
able technologies within the fields of energy, industrial technology and bio-
technology.
The efforts made shall benefit Danish society and lead to the development
of new large industries.
Risø’s activities in 2003 are reported in the following publications: Risø Annual
Report (available in Danish and English), Risø’s Annual Performance Report
(Danish) and the annual progress reports of the research departments (Eng-
lish). All publications and further information can be obtained from risoe.dk.
Printed publications are available from the Information Service Department,
tel.: +45 4677 4004, e-mail: risoe@risoe.dk, fax: +45 4677 4013.
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2003 - New Directions
i n t r o d u c t i o n
The role of science in society is undergoing significant changes.
Science is expected not only to create new knowledge, but
also to take responsibility for turning this knowledge into tech-
nology and innovation, to create new wealth and new jobs.
Risø National Laboratory is committed to this new role in the
Danish society and has put high priority on education and in-
novation in 2003. Our new target is not only ‘impact on sci-
ence’, but also ‘impact on society’.  In the Materials Research
Department we will take the responsibility to assure that the
science we perform will be used in society. This can only be
achieved by having close interactions with industry and inno-
vators, for example as is the case with our activities within solid
oxide fuel cells. In parallel with our development of new ma-
terials for solid oxide fuel cells, we are scaling up the capabil-
ity for mass production of cells, in close collaboration with the
company Haldor Topsøe A/S. In 2003 we increased our pro-
duction capacity of solid oxide fuel cells dramatically. This was
a very important milestone for us and for our industrial part-
ner.
The role and mission of the Materials Research Department
has become wider and we have put more emphasis on educa-
tion and innovation in 2003 and will continue to do so. Young
students are keen to learn and to understand how science – in
particular their field - can be used in society.  We have had
many good and motivated students attending our courses in
fuels cells, materials, metals and superconductivity. A new ap-
proach has been taken in 2003 by offering projects to students
with a more business-oriented background in order to com-
bine science and business into innovation. 
The major research objective of the Materials Research De-
partment is the development of advanced materials for new
energy technologies, in particular fuel cell and hydrogen tech-
nologies; as well as investigation and development of new ma-
terials related to e.g. superconductivity, and light and strong
materials in demand within e.g. wind energy technology. An
integral part of our research is the use of large-scale facilities
for X-ray synchrotron radiation and neutron scattering. Fur-
thermore, the Departments serves as a national centre for elec-
tron microscopy, a role that will be further strengthened with
a new field emission scanning electron microscope granted by
the Villum Kann Rasmussen foundation. 
1Mater ia l s  Research Depar tment   Annual  Report  2003
Leaders ready to move.
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We have also taken up new directions in 2003 outside the
main focus on energy and used our competence and know-
how in a number of smaller projects in particular within the
health and safety sector. In the medical device area we have
seen that our background in advanced materials gives a per-
fect match to the need for invention of new devices and im-
plants. We will put more focus within this area in the coming
years, in particular because the potential for innovation and
spin-off companies is very high.
At the same time, it is important also to keep our core skills at
the international forefront of science, by publishing in peer re-
viewed journals. Traditionally, one of our expertises is develop-
ments of new experimental and analytical tools. One of the
highlights has been the development of the 3D X-ray micro-
scope, which now has a spatial resolution of a few microns in-
side a material. This equipment is located at the European Syn-
chrotron Radiation Facility, Grenoble, France. For the first time
it has been possible to record the growth of a single grain in-
side a metal and discover how irregular the growth is. Fur-
thermore, the new transmission electron microscope that was
inaugurated in 2002 has been crucial for a number of projects
within nanoscience and nanomagnetism.
In collaboration with the Danish Polymer Centre we were
awarded a framework program from the Danish Technical Re-
search Council with the title ‘Interface Design of Composite
Materials’. This will enable us to go from the more macro-
scopic view of composite materials to working at the interface
between fibre and matrix on the nanoscale. Furthermore, an
application for a pulsed laser deposition equipment for ce-
ramic oxides was approved and partly funded by the Danish
Technical Research Council.
Superconductivity and magnetism was the theme of the 24th
International Risø Symposium on Materials Science. We were
very pleased that we were able to attract some of the world’s
most prominent scientists within the field. A number of excel-
lent reviews and research highlights were given, and the sym-
posium was attended by 100 participants.
It is a pleasure for the Department to note that Mogens Mo-
gensen was appointed Research Professor in Materials Chem-
istry with special tasks in research and development in solid
oxide fuel cells, Per-Anker Lindgård was appointed Adjunct
Professor in biological and nanoscale physics at the Technical
University of Denmark, Des McMorrow was awarded the Allan
Mackintosh Award and Martin Søgaard was awarded the ‘Can-
didate prize from Elektrofondet’ for his outstanding Master’s
thesis on ion conducting ceramics.
Robert Feidenhans’l
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People on the floor.
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Staff
The Department comprises about 160 people, including
Ph.D. students and Post Docs. Out of these, 67 are per-
manent scientific staff, including two research specialists
and five research or adjunct professors. Two prominent
staff members left the Department in 2003. Des McMor-
row is as of January 1st, 2004 professor in the Physics 
Department, University College London. Kurt N. Clausen
started January 1st, 2004 as director of Condensed Matter
Research with Neutrons and Muons at the Paul Scherrer
Institute in Switzerland.
Education
The Department is involved in a variety of educational ac-
tivities. The Department had 27 Ph.D. students, of whom
six completed their degrees in 2003, and 32 Master’s and
Bachelor’s students. Furthermore, 34 summer students
were working in the Department.
Structure
At the end of 2003 it was decided to merge the pro-
gramme for Superconductivity and Magnetism into the
programme Nano- and Microstructures in Materials.
Hence, as of January 1st, 2004 the Department is orga-
nized into four programmes:
Metal Structures in 4 Dimensions 
headed by Dorte Juul Jensen 
Composites and Materials Mechanics 
headed by Povl Brøndsted
Nano- and Microstructures in Materials 
headed by Allan Schrøder Pedersen
Fuel Cells and Materials Chemistry 
headed by Søren Linderoth
Publications
The publication list of the Department comprises 102 pa-
pers in international journals, including several in the
most prestigious journals. In addition, many conference
papers, books and reports were published.
Economy
The turnover of the Department is 118 Mkr. (15.8 M€) out
of which 50 Mkr. (6.8 M€) comes directly from Risø, 42 Mkr.
(5.5 M€) from programme supported research and 26 Mkr.
(3.5 M€) from companies and commercial income.
Sponsors
We thank all our collaborators and sponsors for the support
we have received in 2003, in particular: Danish Energy
Authority, Elkraft System, Eltra, Public Service Obligation,
Haldor Topsøe A/S, the Danish Natural Science Research
Council, the Danish Technical Research Council, the
Danish National Research Foundation, Euklid, and the
European Commission.
i n t r o d u c t i o n  
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The hollow cathode sputtering system for production of single crystalline metallic nanoparticles (clusters) in the size range of 5nm to 50nm.
s c i e n t i f i c  w o r k
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Superconductivity and Magnetism
Superconducting and magnetic materials are serious candi-
dates for applications ranging from electric power devices to
high-tech electronics, and they continue to attract strong at-
tention within basic science. Although considered mutually
exclusive the superconducting and magnetic phases are highly
interrelated, as exemplified by the high-temperature super-
conductors that are magnetic insulators unless suitably doped.
The programme is centred around two framework pro-
grammes on superconductors and magnetic nanoparticles
sponsored by the Technical Science Research Council, and
supported by two national centres on neutron and synchro-
tron X-ray scattering funded by the Natural Science Research
Council. 
Materials development is focused jointly within basic and
strategic studies. The unknown mechanism underlying high-
temperature superconductivity and the prospect of a room
temperature superconductor are significant incentives along
with the fascinating properties of new magnetic materials, e.g.
for modern computer technology. The scientific challenges
and the broad range of applications were clearly outlined dur-
ing the 24th Risø International Symposium on Materials Sci-
ence dealing with Superconductivity and Magnetism: Materials
Properties and Developments.
In the materials development programme the influence of
chemical substitutions on the superconducting properties of
MgB2 has been studied, and promising materials have been
processed to high-quality steel-clad tapes. New materials pre-
pared and studied include the so-called spin-ladder com-
pound (Sr,Ca)14Cu24O41 doped with Bi and Sc. They resem-
ble high-temperature superconductors but finite ladders and
networks replace the infinite copper-oxide network. Basically
they are magnetic insulators but superconductivity has been
reported in literature. In the search for new types of nano-
magnetic materials a highly unusual onion-shell structure has
been observed in nanoparticles produced by the micellar
method.
Synchrotron X-ray diffraction has been performed at HASYLAB
in Hamburg using high-energy photons that allow for in-
situ characterization of texture and phase transformations 
during thermal processing of MgB2 tapes in steel-clad and
(Bi,Pb)2Sr2Ca2Cu3O10 in silver-clad. This technique has also
been used for basic studies of the charge distributions in
YBa2Cu3O6+x and La2-xSrxCuO4 type superconductors.    
Neutron scattering is used extensively for basic studies of the
static and dynamic magnetic properties. The neutron spec-
trometers, which were transferred from the closed DR3 reac-
tor to the Paul Scherrer Institute in Switzerland, have been up-
graded to fulfil the collaboration contract and assure access to
neutron scattering facilities at a high international level. The
neutron scattering studies include determination of magnetic
phases in superconducting RNi2B2C (R = Er and Tm) and the
magnetic properties of the vortex structure in La2-xSrxCuO4.
By neutron scattering several new nano-scale effects have
been observed in magnetic nanoparticles; for instance it has
been shown that in isolated hematite nanoparticles the super-
paramagnetic relaxation rate saturates abruptly by increasing
temperature, and the discreteness of the spin waves has been
observed.  
Niels Hessel Andersen
s c i e n t i f i c  w o r k
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Magnetic structure in a
superconducting environment
Although superconductivity and magnetism are considered
mutually exclusive states they are found to co-exist in some
materials. An interesting example is ErNi2B2C which becomes
superconducting below Tc =11 K and orders antiferromagnet-
ically at TN = 6 K. We have studied the magnetic structures of
ErNi2B2C with neutron diffraction while superconductivity is
suppressed by applying a magnetic field. The magnetic struc-
ture contains ferromagnetic sheets of Er-moments aligned
along the [0 1 0] direction of the tetragonal crystal structure
and antiferromagnetically modulated along [1 0 0].  In zero
and low field the modulation vector is [H 0 0] where H = 0.55
in reciprocal lattice units (rlu). The figure shows neutron dif-
fraction contours measured at 1.8 K with the field applied
along [1 1 0]. The low field phase with H = 0.55 is presented
in the upper left panel. The upper right part presents the dif-
fraction pattern at 1.6 T. Here the period is H = 0.58 rlu, and
remarkably the structure is rotated away from the symmetry
direction by 0.5 degrees. The diffraction pattern for the 2.0 T
case is shown in the lower panel. Two different ordering vec-
tors can be observed, one with H = 0.57 rlu, and the other one
with H = 0.58 rlu. Notice, that only one of the reflections is ro-
tated. We understand many of the observed features based on
a theoretical model that shows stability of long-period com-
mensurate structures by formation of phase slips in the simple
antiferromagnetic ordering corresponding to H = 0.5. The
transverse component of the ordering vector may possibly be
explained by a rotation of the magnetic moments that lowers
the Zeeman energy. So far we have not observed any clear in-
fluence hereof on the superconducting properties.
Katrine Nørgaard Toft
Neutron diffraction patterns of magnetic structures in ErNi2B2C at 1.8 K with
the magnetic field applied along [1 1 0]. The modulation vectors  [H 0 0] where
H = 0.55 rlu for B=0.5 T, H = 0.58 rlu  for B=1.6 T, and H = 0.57 and 0.58 rlu
for 2.0 T. Notice that the modulation vector is rotated 0.5 degrees away from
the symmetry direction for the 1.6 T and partly for the 2.0 T data.
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Imaging spin fluctuations in a 
high-temperature superconductor
Neutron scattering studies of the magnetic properties of high-
temperature superconductors and in particular those of La2-xSrx
CuO4 have been pivotal in attempts to understand the novel
physics governing the exotic behaviour of these materials. The
technique takes advantage of the dipole-dipole interaction be-
tween the neutron spin and the magnetic moments residing
on Cu atoms. The figure shows a colour map of the magnetic
correlation in La1.84Sr0.16CuO4 at an energy of 10 meV for a
temperature of 10K. The data were obtained using the MAPS
time-of-flight spectrometer located at the ISIS spallation
source in the UK, and the samples studied were grown in an
optical image furnace as the one owned by the department. In
the image shown, the four-fold symmetry around the antifer-
romagnetic q=(1/2,1/2) point reflects the existence in these ma-
terials of a so-called stripe phase. This consists of periodically
spaced, metallic rivers of charge separated by insulating re-
gions with local antiferromagnetic order. Because the crystals
are twinned, there are four rather than two peaks. A leading
class of theories claim stripes to be a central ingredient in the
mechanism underlying high-temperature superconductivity.
To test such ideas, it is of crucial importance to map out in de-
tail the magnetic susceptibility χ”(q,w) as a function of mo-
mentum and energy transfer, and neutron scattering does pre-
cisely this. Analysis of our data has revealed dramatic changes
in χ”(q,w) upon cooling below the transition temperature
Tc=39K to the superconducting state, as well as evidence for a
crossover as a function of energy away from the four-fold sym-
metric pattern seen in the figure. Both these observations put
strong constraints on theoretical efforts to understand the
high Tc conundrum. 
Niels B. Christensen and Des F. McMorrow
A colour map of the magnetic correlations in La1.84Sr0.16CuO4 at an energy
of 10 meV for a temperature of 10K.
s c i e n t i f i c  w o r k
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Palle Nielsen is making the final checks before a metal sheet is deformed in the rolling mill. Subsequently, the influence of the deformation process on the micro-
structure is characterized carefully using advanced characterization techniques such as SEM, TEM and 3D X-ray diffraction microscopy.
s c i e n t i f i c  w o r k  
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s c i e n t i f i c  w o r k
Metals are among the most frequently applied materials and
are used on all scales from large constructions such as bridges
to nanoscale devices such as miniature gears, diagnostic tools
and implants. Improved and optimized metals and metal pro-
cessing contribute to security, economic stability and envi-
ronmental progress in our daily lives, although the impacts
are not fully appreciated by those affected. 
In the programme we aim at dealing in a meaningful way
with real heterogeneous metal structures rather than impos-
ing homogeneous approximations. This aim is approached
by combining advanced experimental characterizations with
physically based modelling.
Key experimental techniques include electron microscopy
and 3 dimensional X-ray diffraction (3DXRD) microscopy by
high energy X-rays from synchrotron sources. These two
types of experimental techniques are used generally in com-
bination to achieve the best possible characterization of a
given scientific problem, and synergy is often obtained.
Concerning the experimental techniques, positive news in
2003 were:
A very positive international evaluation of the beamline ID11
at ESRF, Grenoble, France, where the 3DXRD is situated. The
evaluation emphasised the importance and potentials of the
3DXRD.
The Villum Kann Rasmussen Foundation decided to support
an application for a modern field emission gun scanning elec-
tron microscope (FEG SEM) equipped with electron backscat-
ter pattern (EBSP) and energy dispersive spectroscopy (EDS)
facilities.
During the year, good scientific progress was achieved on all
scientific fronts. Examples of highlights are:
The dynamics of structural units as small as 200nm can be fol-
lowed in-situ by 3DXRD.
The flow stress, calculated from microstructural parameters
by assuming that stress contributions for dislocation bounda-
ries and high angle boundaries are linearly additive, agrees
well with experimental values for both deformed and an-
nealed aluminium with structural scales from a few hundreds
of nanometers to tens of micrometers.
For the first time ever the growth of a bulk nucleus has been
seen in-situ during recrystallization by 3DXRD mapping.
Based on 3DXRD and electron microscopy results, it has been
shown that the initial crystallographic orientation of a grain
determines its rotational behaviour during plastic deforma-
tion.
In spite the fact that the Programme focuses on metals, the
outcome may well stretch beyond metals, and the methods
developed may be used for other material classes as well. As
an example of the latter, 3DXRD has been used for studies of
materials as different as ceramics and ice by external users. A
prominent example was the start of a talent project, sup-
ported by STVF, aimed at studying fracture and fibre debond-
ing in polymers. Here use will be made of a marker tomogra-
phy method established for determination of strain in metals;
described in one of the following highlights.
Dorte Juul Jensen
9Mater ia l s  Research Depar tment   Annual  Report  2003
Metal Structures in Four Dimensions
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3D strain in fibre reinforced materials
A novel method to allow strain measurements within bulk ma-
terial has been developed. The method is based on micro-
tomography and samples that contain embedded marker par-
ticles having an atomic number significantly different than
that of the matrix material. 
The lower limit for the size of the marker particles is deter-
mined by the spatial resolution of the X-ray detector. At pres-
ent, the best X-ray detectors for tomography experiments can
detect particles of a diameter exceeding 0.7 µm.
By deforming a sample that contains marker particles and
identifying each particle both before and after the deforma-
tion the displacement field of all the particles can be deter-
mined. This requires a procedure for automatic identification
of the particles, which is a non-trivial task due to the large
number of particles.
The method for determining strain in 3D is universal in the
sense that it can be applied on all materials that contain
marker particles with an X-ray absorption coefficient different
than the matrix. The material under investigation can be cry-
stalline as well as amorphous.
The Center for Fundamental Research: Metal Structures in Four
Dimensions is applying the technique to investigate the local
strain within individual grains in a deforming polycrystal. In
addition a new STVF funded project was initiated in 2003 with
the aim of studying strain fields in fibre reinforced materials.
The mechanical properties of fibre composites depend
strongly on the mechanical properties of the fibre/matrix in-
terface. By determing the strain field in three dimensions
around individual fibres in a fibre reinforced composite it will
be possible to gain new information about how fibres interact
with the matrix material. In case of fracture new information
will also be gained on fracture mechanisms, and this project
will therefore contribute to the development of new and bet-
ter fibre reinforced materials. 
Søren Fæster Nielsen
10 Annual  Report  2003 Mater ia l s  Research Depar tment
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X-ray absorption images of a cylindrical aluminium sample at 0% (top) and 40%
(bottom) compression. The sample contains fibres and marker particles of tungsten.
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Direct observation of subgrain 
evolution during recovery
During plastic deformation of metals, metastable dislocation
structures form with dislocation boundaries separating nearly
dislocation free regions, referred to as subgrains. The processes
occurring during subsequent annealing, such as the coarsening
of the microstructure, are commonly summarized as (static) re-
covery.
A method that enables studies of the individual embedded sub-
grains during recovery has been developed. The method is an
extension of the recently developed 3-dimensional X-ray dif-
fraction (3DXRD) method, which has been used for structural
characterization of grains within millimetre-to-centimetre thick
polycrystals.
A study of an in-situ recovery experiment on a disc of 38% cold-
rolled aluminium has provided growth curves for 9 cells during
annealing at 300oC. Six of the nine growth curves are presented
in the figure. The study partly proves the feasibility, partly pro-
vides the first results on the microstructural dynamics.
Among the subgrains, more than half exhibit essentially no
growth, two shrink during the first hour and then stay constant,
one grows rapidly during the first 5 minutes then stagnates,
while the last one first grows, then shrinks. Strikingly, there is no
obvious correlation between subgrain volume and growth be-
haviour. The smallest subgrain grows substantially during the
first 5 minutes. So does the rather large subgrain. On the other
hand, one of the larger subgrains shrinks during the observation
and the largest one does not change in size at all. This behaviour
is in marked contrast with elementary theories of curvature (i.e.
interfacial energy) driven coarsening, where subgrains larger
than average are expected to grow while subgrains smaller then
average are expected to shrink. However, from the small num-
ber of observed subgrains it cannot be excluded, that a curva-
ture driven model is valid in a statistical sense. Analysis of a larger
number of subgrains is currently in progress aiming at resolving
this issue.
Carsten Gundlach
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Photo of the sample holder containing the ~80 µm thick aluminium foil (dia-
meter 3 mm) investigated with the 3DXRD microscope. Gold markers deposited
next to the sample foil (not visible in this photo) are used to ensure a positional
accuracy better than 1 µm. This is essential for the study of the kinetics of the
individual ~1 µm sized subgrains.
Subgrain radius as a function of annealing time at a temperature of 300 oC. 
The dotted line represents the detection limit of the instrument.
s c i e n t i f i c  w o r k
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Glass fracture pattern as observed after a single-fibre test in the SEM (15 kV). The crack initiates from a flaw origin and leads to a typical fracture pattern as the crack
front accelerates. The diameter of the fibre is 14 µm. The delicate work was undertaken by A. Thraner during a summer student project.
s c i e n t i f i c  w o r k  
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Composites and Materials Mechanics
New techniques for destructive and non-destructive testing
are introduced continuously within the Programme and
brought to application in quality control and acceptance test-
ing for external partners. Non-destructive testing of cracking
along the skin/core interface in sandwich specimens under
general edge loads was analysed. Numerical modelling of
damage evolution in laminated composite materials has been
initiated. Advanced fracture mechanics testing and analysis of
mixed mode crack propagation were developed. In addition
to the highlights described separately on the next pages on
work with natural fibre composites and on damage mecha-
nics, key results of the year include the following.
The tensile strengths of glass fibre reinforced composites con-
taining sized and unsized single glass fibres have been exam-
ined. Fracture mechanics were applied to estimate the original
flaw size and relate the observed fracture mirror surfaces to the
fibre strength. Based on the observation of surface flaws, a
“healing” mechanism by the sizing is considered likely.
Static mechanical properties and fatigue properties have been
measured on reference wind turbine blade glass/epoxy mate-
rial. This investigation is a part of the EU 5th frame programme
project OPTIMAT-blades in collaboration with a consortium of
laboratories and industries in Europe. The effect of extreme
conditions such as temperature and humidity are investigated.
The test results give the basic data for a continuum damage
mechanics analysis.
A 15 million cycles (≈ 15 years) wear test of a hip implant ma-
terial has been performed. The test was carried out in Bovine
serum following a simplified walk loading sequence with com-
bined torsion movement and axial loading. Tests were run at a
frequency of 2 Hz, and the change in thickness of the material
in the worn area was measured. Based on geometrical mea-
surements it is estimated that less than 300 mg of material has
been worn off during the 15 years wear test of the implant.
Acoustic emission has been used for checking wind turbine
blades during loading for evidence of damage development.
The audio feedback from the sensors and the clear visual dis-
plays (lab-view based programming) showing where damage
is developing in the blade, gives the operator an indication of
how the test is proceeding. The system was developed in the
frame of SOCRATES WEAO programme called “Structural
Health Monitoring Systems for Military Platforms – Require-
ments, Design, and Demonstrations (AHMOS)”. 
A EUCLID-project on “Survivability, Durability and Perfor-
mance of Naval Composite Structures” with participation from
six European nations has been completed. The project has fo-
cused on a superstructure for a Frigate type naval vessel, and
all results and achievements have been compiled in a compre-
hensive Guideline covering verification and structural reliability,
materials modelling and characterisation, manufacturing,
structural design, fire performance and electromagnetic
shielding.
Processing technologies of products for Danish industrial part-
ners were developed successfully. In cases, which involve com-
mercial research and development projects of innovative cha-
racter a strict confidentiality is kept between the contractors.
The programme has further been active in the educational sec-
tor. A Ph.D. student working on structural properties and crack
initiation in ultra high strength tool steels graduated, and
graduate students (B.Sc. and M.Sc.) made their theses under
supervision from members of the Programme. And at the En-
gineering College of Odense a new course entitled ”Compos-
ite materials and processing” was given. It was directed to-
wards students studying for B.Eng. in Integrated Design.
Povl Brøndsted
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A new method for mixed mode 
fracture mechanics testing
A new method for fracture mechanics characterization was de-
veloped. It is a Double Cantilever Beam specimen loaded with
Uneven Bending Moments (DCB-UBM). The method allows
stable crack growth and, thus, is suitable for characterization
of brittle materials, interfaces as well as materials having rising
crack growth resistance (R-curve behaviour). Both the energy
release rate and mode mixity (a measure of the relative
amount of tangential and normal crack opening displace-
ment) are independent of crack length. This is advantageous
as it leads to stable crack growth under constant conditions,
consequently many data points can be obtained from a single
experiment. 
The mode mixity is varied, simply, by altering the ratio be-
tween the two applied moments. The specimen is also suitable
for characterizing large-scale crack bridging; energy release 
rate (the J integral evaluated along the external boundaries) 
was obtained in closed analytical form, expressed by the ap-
plied moments. 
A special test set-up, based on wires and rollers, was developed
for applying uneven bending moments to the DCB-speci-
mens. A laminate/adhesive joint system was characterized by
the new test method. The measured fracture resistance was
considered a material property. The fracture resistance was
used for predicting the load-carrying capacity of structures sig-
nificantly larger than that of the test specimens. Independent
measurements were made to establish the load-carrying ca-
pacity of medium size (~ 2 meters in length) adhesive joints.
The measured strength values were found to be in very good
agreement with the predictions.
Bent F. Sørensen
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Left: Jens Olsson demonstrates the DCB-UBM test: Mixed mode cracking in a specimen consisting of glass-polyester laminates bonded by an adhesive. Right: Loa-
dings and geometry of the double cantilever beam specimen loaded with uneven bending moments (DCB-UBM), M1 and M2. The thickness of the specimen is 2H.
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Hemp fibres for composites: 
crystallinity and purification
Composites are made with hemp fibres, which have high tensile
strength (500-1000 MPa), low density and more sustainability
than glass fibres. The fibre orientation is maintained during the
processing to obtain unidirectional composites. X-ray diffraction
is used as characterization method and the fibres are purified 
using a fungus. The X-ray diffraction was done in co-operation
with K. Ståhl and J. Oddershede at DTU and the fungal treat-
ment in co-operation with G. Daniel at WURC in Sweden.
The applied hemp bast consists of fibre bundles surrounded by
pectin rich cells. This hemp bast contains 64% cellulose, which
is a partly crystalline polymer due to hydrogen bonds between
the individual molecules. The crystalline fraction is estimated by
X-ray diffraction. Amorphous cellulose, hemicellulose and
lignin are diffracting, mainly, in a band of 2θ-angles between
14o and 22o. The fraction of crystalline cellulose was calculated
from a linear combination of the calculated diffractogramme
for crystalline cellulose and the diffractogramme for amor-
phous lignin fitted to the minimum intensities between the
peaks. The fraction of crystalline cellulose in the hemp bast and
the purified fibre bundles were 47% and 54%, respectively.
Taking the cellulose fraction into account the degree of cry-
stallinity was 73% in the hemp bast, 70% in the purified fibre
bundles and 71% in the α-cellulose (a commercial cellulose).
The applied fungus was a mutated white rot fungus, which de-
grades the weak material in the hemp bast without cellulose
degradation. The initial experiments were made with hemp
stems plugged into soil as shown in the photo. Cultivation in
soil is labour intensive so the procedure was later performed in
liquid, which is about 10 times faster and sufficient for com-
posite production. The matrix material was epoxy and the cur-
ing was done at 40oC for 18 hours and 140oC for 6 hours. The
resulting composites contain 25 vol% fibres and 3 vol% poros-
ity. The composite material was tested using a tensile testing
machine. A similar composite with commercial hemp yarn was
also tested. The stress-strain curves are shown opposite. The
composite with fungal purified fibre bundles and the compos-
ite with the yarn have tensile strengths of 150 MPa and 170
MPa, respectively. However, the strain of the composites with
fungal purified fibre bundles was 20-40% lower than the strain
for the composites with yarn. Thereby stiffer composites (E-
module = 24±2 GPa) can be produced with hemp fibre bun-
dles purified with this new technique. 
Anders Thygesen
X-ray diffractogrammes for cellulose (α-cellulose), hemp bast and purified hemp
fibre bundles in reflection geometry.
Stress–strain curves for composites with 25 vol% aligned hemp fibres and a ma-
trix of epoxy. (red): Commercial hemp yarn (average of 8 curves); (blue): Fungal
purified fibre bundles (average of 13 curves). The fraction of broken test speci-
mens is indicated by the strength of the coloration: dark ~0-5%; medium ~5-
49%; light ~50-95%.
Cultivation of fungus in soil plugged with hemp stems. This fungus degrades the
weak material between the fibre bundles in the hemp bast, to release fibre bund-
les useful for composites.
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Stinus Jeppesen and Ming Cheng are discussing the melt-spinning facility used for the synthesis of amorphous alloys by quenching. Recently, the set-up was redesig-
ned to allow the production of bulk amorphous alloys by copper-mould casting. The bulk properties of specialized alloy systems are of particular interest for engine-
ering applications and thus subject to extensive research.
s c i e n t i f i c  w o r k  
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Nano- and Microstructures in Materials
The research programme “Nano- and Microstructures in Ma-
terials” is concerned with work in the entire range from basic
to applied research. The Programme is composed of four do-
minating topics: materials models and structure; radiation da-
mage, defects and fusion materials; powder technological ma-
terials; and bulk metallic glasses. The major efforts of the
mentioned topics all lie within the overall Risø focus areas
“Energy” and “Industrial Technology”. 
Within the area of powder technological materials two impor-
tant developments have been initiated and accelerated. One is
work with solid-state storage of hydrogen in metal hydrides.
Hydrogen is foreseen to play a major role in the future energy
supply of the industrialised world. Significant initiatives have
been taken by the United States of America and Japan as well
as by the European Commission to promote research and de-
velopment of a hydrogen economy, which may replace the
present economy based on fossil fuels. The research pro-
gramme Nano- and Microstructures in Materials has been ac-
tive in hydrogen storage for years and these activities were in-
tensified strongly during 2003 by involvement in several
international as well as national R&D programmes. At present
work is going on to identify optimal alloy systems for hydride
formation with particular emphasis on development of light al-
loy systems, containing elements like Al, Mg and B, which may
meet the generally accepted minimum requirement of 5-6
w% hydrogen content.
Another important initiative is the involvement in an innova-
tion project aiming at development of new porous materials
for use as human bone implants. The work in the project is
done in collaboration between the Materials Research Depart-
ment and Risø’s Polymer Department as well as external part-
ners. The project has a two-fold aim. One part of the aim, na-
turally, is to develop the porous materials themselves, but
another aim is to merge existing, but completely different, ex-
pertises in one joint effort to establish new ideas, which may
form the basis for a commercial start-up company. Currently a
patent for protection of the commercial business ideas is
underway and is expected to be filed during 2004.
However, the Programme includes many other important re-
search projects and one may mention the work on materials
for use in future fusion reactors. This work was presented in de-
tails in our previous annual report. Interesting findings were
obtained as a result of in-reactor tensile testing of pure copper.
The work has been continued during 2003 encouraged by
international decisions on support to the development of fu-
sion energy.
The newly commissioned JEOL 3000F transmission electron
microscope has become a widely used facility for many pro-
jects in almost all programmes of the department. In addition,
the microscope serves as a national centre facility accessible
also for other groups in Denmark. Particularly, the University of
Copenhagen, the Technical University of Denmark, and the
University of Aarhus use the microscope routinely. Within this
framework, the Department and the Programme are currently
planning applications for new equipment to further improve
the facilities of the national Danish Electron Microscopy Centre. 
Allan Schrøder Pedersen
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Metallic glasses
A unique property of metallic glasses compared to crystalline
alloys is the dramatic softening that occurs in the temperature
range just above the glass transition temperature. The ability
to easily shape metallic glasses in this temperature regime is
one of the most attractive characteristics of these novel mate-
rials. However, when metallic glasses are held in the tempera-
ture range where they can be readily shaped, they gradually
crystallize thereby losing the ability to be shaped further.
Research examining the structure of the partially crystalline
state of a metallic glass with composition Mg60Cu30Y10 has
been carried out in 2003. The main tool for examining the
structure is the high-resolution transmission electron micro-
scope recently installed at AFM. Microscopy revealed that
nanocrystallites of the Mg2Cu phase nucleated and gradually
grew to a diameter of about 80 nm during annealing above the
glass transition temperature. The partially devitrified metallic
glass is thus a nanoscale composite consisting of crystallites em-
bedded in an amorphous matrix.
An additional aspect of this work sought to compare the flow
stress of the nanocomposites produced in this way with well-
established models that are available for predicting the prop-
erties of composite materials. Experiments conducted in the
temperature range where the material is easily shaped re-
vealed a linear dependence of flow stress on the volume frac-
tion of nanocrystallites. This is in contrast to predictions of a
wide variety of physically based models for flow of emulsions
and composite materials.
Continuation of this work seeks to develop a new physical
model that accounts for the flow stress of these nanocompos-
ite materials. In addition, exploration of the impact of crystal-
lization on the shaping process is being explored from both
technological and scientific perspectives. 
John Wert
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Composite of nanocrystalline and glassy Mg60Cu30Y10 alloy. The lattice
planes seen in the lower right hand corner identify the crystallites embedded in
the amorphous matrix.
Flow stress of crystalline and amorphous nanocomposite Mg60Cu30Y10 alloys in
the temperature range where the material can be easily shaped. Previously pro-
posed models for flow of emulsions and composite materials clearly show different
curvatures than the experimental results and thus fail to describe our results. 
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O2 plasma assisted wafer bonding
The possibility of joining two semiconducting materials to a
single, stable compound opens up a wide range of new pos-
sibilities in the production of semiconductor devices. The O2
plasma activation technique has developed as a new method
of bonding, which is particularly useful for components that
contain heat sensitive materials. It is of decisive importance
for future optimisation and use of this process in the industry
to comprehend the mechanism behind plasma bonding. 
With this objective, a process has been investigated, in which
two Si wafers have been plasma activated, dipped in de-
ionised water and dried prior to bonding. The samples were
prepared in a cleanroom environment at the Department of
Micro- and Nanotechnology, Technical University of Den-
mark. The bonding occurs spontaneously, when the two
wafers are adhered and the resulting bond strength is high
compared to those obtained by other room temperature
techniques. Hence, heating is unnecessary and the process is
therefore of great interest for requests where a subsequent
annealing step might hamper application. Recent X-ray dif-
fraction experiments carried out at the Risø BW2 diffractome-
ter at HASYLAB provide the basis of a fitted model. 
To derive a detailed model of the bonding process, an algo-
rithm that optimises the density profiles across the interface
oxide was developed. In addition to the X-ray studies, the in-
terface was examined by a number of complementary tech-
niques: acoustic microscopy (performed in cleanroom envi-
ronment at Danish Electronics, Light & Acoustics), X-ray
Photoelectron Spectroscopy (XPS) and Time-of-Flight Se-
condary Ion Mass Spectrometry (TOF-SIMS) (in corporation
with the Danish Polymer Centre) as well as Transmission Elec-
tron Microscopy (TEM). Our results show that a water treat-
ment of the activated wafers previous to the bonding, affects
only the centremost atomic layers between the two wafers.
Presumably, a mono- or bi-layer remains after drying and
thereby eases the bridging in plasma bonding. From TEM pic-
tures it is evident that the oxide layer is non-porous and has
well defined limits. Optimisation of the activation process and
investigations of the plasma oxide have resulted in an im-
proved and effective bonding.
Anne Egebjerg, Mette Poulsen,
Oliver Bunk, Erik Johnson and Robert Feidenhans’l
A Transmission Electron Microscopy (TEM) image of an amorphous silicon oxide
layer that constitutes the interface of a bonded silicon wafer pair. The limit bet-
ween oxide layer and Si wafers is well defined. The thickness is uniform in all parts
of the inspected sample.
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Nikos Bonanos is checking the set-up for electrochemical characterization of materials for solid oxide fuel cells, using impedance spectroscopy.
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Fuel cell systems are expected to become a key technology for
energy conversion in the future. Fuel cells provide an efficient
and clean conversion of chemical energy into electricity and
heat. A variety of fuels can be used in solid oxide fuel cells
(SOFCs), e.g. natural gas, hydrogen, bio gas, ethanol,
methanol, ammonia and coal gas. Also, the fuel cell may op-
erate in the reverse mode, i.e. as an electrolyzer (SOEC; solid
oxide electrolysis cell). With an SOEC hydrogen, as well as
methane and methanol, may be produced by renewable en-
ergy technologies e.g. exploiting the wind and sun.
The effort related to SOFC at Risø National Laboratory
amounts to about 45 man-year/year. The work is supported by
Haldor Topsøe A/S, The Danish Energy Agency through the
Energy Research Programme, and The Public Service Obliga-
tion Programmes managed by the Danish electricity grid sy-
stem operators, Elkraft and Eltra. Risø National Laboratory has
participated in the formulation of a National Strategy for Fuel
Cells, in particular for SOFCs. Risø National Laboratory is also
participating in a number of European projects supported by
the European Commission, e.g. in collaboration with Rolls-
Royce Fuel Cell System Ltd., UK, Forschungzentrum Jülich,
Germany, and Energieonderzoek Centrum Nederland.
In 2002, our pre-pilot R&D manufacturing facility was inaugu-
rated. In 2003, the manufacture of SOFCs on a laboratory
scale has been transferred successfully to our pre-pilot plant re-
sulting in the manufacture of a large number of cells. The cells
are being tested at Risø National Laboratory, Haldor Topsøe
A/S, and by industries in Europe and the USA. In the labora-
tory, cell development has resulted in an improved cathode
which may allow the operating temperature of the so-called
anode-supported SOFC to be lowered to below 700oC.
Test facilities have been expanded in 2003 such that several
cell test stands can be operated for short and long term tests
under various operating conditions. A close cooperation be-
tween cell testing, modelling, pre- and post-characterization
and manufacture provides a speedy development. At present,
the common fuel employed is methane, either pre-reformed
or internally reformed.
In addition to the R&D on SOFC, the Programme is utilizing
the knowledge on related energy materials and systems. This
includes the already mentioned high-temperature electrolysis,
oxygen membranes, gas purification (NOx and particle re-
moval), and magnetocaloric systems.
The education of Bachelor’s, Master’s and Ph.D. students as
well as Post Docs is becoming an increasingly important task.
The education is incorporated, primarily, in our R&D, for the
benefit of all parties. During the university summer vacation,
students are working in the laboratories under guidance by
both young and more experienced scientists. A so-called three
week course has been started in 2003 at the Technical Univer-
sity of Denmark, where all teaching is given by young scien-
tists from our Programme. The students are spending about
one week in our laboratories at Risø, where they experience
parts of the work involved in the manufacture and testing of
fuel cells. Some of the students have continued in individual
courses.
In 2003, the Programme, together with five universities in Den-
mark, achieved a project on efficient conversion of renewable
energy with the focus on SOFC and SOEC. This five year pro-
ject will engage six Ph.D. students and two Post Docs. The 
project is expected to become an important step in the de-
velopment of SOFC and SOEC.
We are proud that one of our talented Ph.D. students, Martin
Søgaard, received the award ‘Elektrofondets Kandidatpris’
from The Society of Danish Engineers. Also in 2003, Mogens
Mogensen was appointed as Research Professor at Risø Na-
tional Laboratory in the area of SOFC.
Søren Linderoth
21Mater ia l s  Research Depar tment   Annual  Report  2003
Fuel Cells and Materials Chemistry
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Solid Oxide Fuel Cell testing
A focus area in SOFC development is the development of long-
term stable cells and systems. The target is a system with a
degradation rate of about 0.25% per 1,000 hours aiming for a
total lifetime of the SOFC stack of 40,000 hours. Probably, na-
tural gas is going to be the fuel gas applied for an SOFC-sys-
tem and since direct conversion of methane is difficult, the
natural gas will be reformed into an H2-rich fuel gas through
the steam-reforming process. A part of the steam reforming
may take place in the SOFC anode chamber. The electrical ef-
ficiency of a fuel cell is directly proportional to the fuel utiliza-
tion, and therefore an SOFC-system should operate at high
fuel utilization, i.e. >90%. 
During 2003, the long-term stability of the so-called second
generation Risø-Topsøe SOFC has been investigated under
technologically relevant conditions. The fuel is pre-reformed
methane and the fuel cell is operated with high fuel utilization,
above 75%. The cells were tested at various constant current
densities in the interval from 0.25 A/cm2 to 1 A/cm2. A cur-
rent density of 1 A/cm2 is regarded as an accelerated test,
while a current density of 0.25 A/cm2 is considered mild, yet 
technological conditions. The rate of degradation was very de-
pendent on the current load (or polarization). At 750oC the
rate of degradation was found to be 0.25 %/1,000 hours at a
current density of 0.25 A/cm2 and as high as 12 %/1,000
hours at 0.75 A/cm2. The mechanism for the degradation is
not understood fully, but possible mechanisms like Ni-coar-
sening and Ni loss at the anode may account for a part of the
degradation. More investigations are necessary before a
model for the degradation can be made. To demonstrate real
long term operation, a single cell has been tested under con-
stant conditions for >6,000 hours. The cell is tested at 850oC
at a constant current density of 1 A/cm2. The rate of degrada-
tion is found to be <1% per 1,000 hours. After 5,000 hours of
test the cell experienced a mild temperature cycle which re-
sulted in a drop in the performance. This is ascribed to the test
set-up rather than the cell, and a future task for the test group
is to develop test facilities that allow thermal cycling without
degradation. The change in performance over time for the
6,000 hours test is illustrated in the figure. 
Rasmus Barfod
The change in performance over time of test for a cell tested for approximately 10 months.
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Magnetocaloric properties of
La0.67Ca0.33-xSrxMnO3±δ
Magnetic cooling near room temperature is an upcoming
technology, which may prove to be both more efficient and
more environmentally friendly than conventional gas cooling.
A key challenge is to develop magnetic refrigerants, which
apart from showing a large magnetocaloric effect around
room temperature are chemically stable, non-toxic, and not
too expensive. The present study regarded the magnetocaloric
properties of La0.67Ca0.33-xSrxMnO3±δ (x ∈ [0;0.33]). The
magnetocaloric effect or, more precisely, the adiabatic tem-
perature change ∆Tad due to a change of the external mag-
netic field, was measured by moving the sample in and out of
a magnetic field (µ0H = 0.7 T) continuously monitoring the
sample temperature. 
The sample was placed in a Teflon container to ensure near-
adiabatic conditions and a cryostat system was used to control
the initial sample temperature. The figure shows results ob-
tained for the La0.67Ca0.33MnO3±δ compound, which ex-
hibits a large magnetocaloric effect near the Curie point (TC =
267 K), where its magnetic spin system is most susceptible to
changes of the external field. In fact, the effect is larger than
the magnetocaloric effect observed for the prototypical mate-
rial for room temperature magnetic refrigeration, the metal
gadolinium (Gd). Unfortunately, ∆Tad is vanishing at room
temperature. It was found, however, that the Curie tempera-
ture, and thereby the magnetocaloric temperature working
range, could be increased by making a partial substitution of
Ca with Sr. Varying the Sr/Ca ratio, any TC value between 267
and 400 K could be obtained. Together, the significant mag-
netocaloric effect, the possibility of adjusting the temperature
working range, and the excellent chemical stability of
La0.67Ca0.33-xSrxMnO3±δ make these compounds suitable
candidates as refrigerants in future magnetic cooling devices
operating near room temperature.
Anders Reves Dinesen
s c i e n t i f i c  w o r k
The magnetocaloric effect measured for La0.67Ca0.33MnO3±δ. Top figure:
Temperature profile recorded during a sequence of magnetization cycles per-
formed while slowly increasing the sample temperature. Middle figure: Enlarged
view of a single magnetization cycle. Bottom figure: The measured adiabatic
temperature change as a function of temperature.
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The Symposium inspired intense scientific discussions extending through a beautiful boat trip on Roskilde Fjord.
24th Risø International 
Symposium on Materials Science
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A group of 100 participants from 16 different countries came
to Risø National Laboratory for the symposium “Superconduc-
tivity and Magnetism: Materials Properties and Develop-
ments” on the 10th to the 13th of September. The participants
constituted an interesting mix of students, young researchers
and senior scientists. As many as 24 invited prominent scien-
tists accepted the invitation and contributed to an atmosphere
of enthusiasm and discussion.
One of the hot topics of the conference was the strongly de-
bated mechanism underlying high-Tc superconductivity. Ex-
perimental and theoretical presentations covered this topic
from different angles. Another topic was the superconducting
compound, MgB2, which was discovered two years ago. It is a
promising candidate for the next generation of commercial su-
perconductors, and various aspects of this field were discussed.
In addition, there were several interesting presentations on 
basic and applied science within giant magneto-resistance ma-
terials, spintronics, nanomagnetism, and biophysics.
The social activities of the symposium were good opportuni-
ties for students and scientists to establish and renew personal
contacts. The symposium dinner was held on board the old
steamer "Sagafjord" cruising Roskilde Fjord. This was a perfect
setting for the many participants to get to know each other
and discuss more physics. Furthermore, the Danish history was
studied at the Viking Ship Museum.
Katrine Nørgaard Toft
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Finances
The activities of the Department are supported by a combina-
tion of government funding, focused project funds from na-
tional and international research programmes, and fully com-
mercial contracts.
Commercial contracts, 
26.3 Mkr., 3.53 M€, 39%
Other programmes,  
9.9 Mkr., 1.33 M€, 15%
Danish Energy Research Programme, 
6.1 Mkr., 0.81 M€, 9%
European Commission,
9.7 Mkr., 1.30 M€, 14%
Danish Research Councils,    
8.4 Mkr., 1.12 M€, 12%
Danish National Research Foundation, 
7.2 Mkr., 0.96 M€, 11%
Department's share of Risø's 
government appropriations,
50.5 Mkr., 6.78 M€
Project funding, programmes, 
41.5 Mkr., 5.57 M€
Project funding, commercial, 
26.0 Mkr., 3.49 M€
Operating Expences, 
22.8 Mkr., 3.06 M€
Salaries, 
60.5 Mkr., 8.13 M€
Total: 118.0 Mkr., 15.8 M€ Total: 118.6 Mkr., 15.9 M€
Income
Project Income
Expenditures
Investments, 8.3 Mkr., 1.12 M€
Central Risø facilities and administration,
27.0 Mkr., 3.62 M€
f i n a n c e s  2 0 0 3
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Poulsen, Mette
Schmidt, Henrik Nikolaj Blicher
Søgaard, Martin
Thygesen, Anders
Toft, Katrine Nørgaard
Wejdemann, Christian Bech
Post Docs
Abrahamsen, Asger*
Bailey, Nicholas
Barfod, Rasmus#
Bowen, Jacob Ross
Bunk, Oliver
Chung, Charissa
Dinesen, Anders Reves*
Feih, Stefanie
Fu, Xiaowei
Haldar, Arunansu#
Hashimoto, Shin-Ichi
Hatchwell, Charles Edward#
Knudsen, Jesper
Korcakova, Leona
Lauridsen, Erik Mejdal
Martins, René Valéry#
Mikkelsen, Lars*
Nielsen, Søren Fæster#
Ramousse, Séverine
Solvang, Mette*
Weygand, Markus Jan§#
Wolff, Ulrike#
Xing, Qingfeng
Xu, Gaojie
Technical staff
Abdellahi, Ebtisam
Adrian, Frank
Bang, Johannes Steen
Borchsenius, Jens Frederik S.*
Breiting, Bjarne Ole
Brodersen, Karen
Christiansen, Birgitte
Davodi, Mahbooba
Frederiksen, Henning Kaj
Gravesen, Niels Nørregaard
Hansen, Erik Gustav
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Hansen, Krystyna Anna
Hansen, Ole
Hjortlund, Sarah Rathje
Holdt-Simonsen, Bo*
Iversen, Jette
Jensen, Jesper Bjerregaard#
Jespersen, John
Kjøller, John#
Kristensen, Tina*
Larsen, Bent Lykke
Larsen, Heidi#
Larsen, Kjeld Johan Cramer
Madsen, Christian Hjelm*
Mikkelsen, Claus
Nielsen, Palle Henrik
Nilsson, Helmer
Olesen, Preben
Olsen, Benny Freddie
Olsen, Henning
Olsen, Ole Emil#
Olsson, Jens Ove
Paulsen, Henrik
Pedersen, Hanne
Pedersen, Niels Jørgen
Rasmussen, Ove
Sandsted, Kjeld
Saxild, Finn Benthin
Strauss, Torben Richardt
Sørensen, Carsten Gynther
Sørensen, Erling
Sørensen, Kristian Nim
Udbjørg, Charlotte Lund
Vogeley, Erik Walther
Wichmann, Mike
Willendrup, Peter Kjær
Office Staff
Larsen, Ann
Marcher, Lesley Ann#
Nielsen, Eva Marianne*
Nielsen, Jytte Pihl
Sørensen, Eva Marianne
Thomsen, Ann
Voss, Anita Cornelia Neeltje
Apprentices
Cramer, Ulla#
Jensen, Kim Poder#
Kheder, Shwan
Madsen, Christian Hjelm#
Omar, Mark Mohamed*
Vogeley, Corina Kehler#
Master’s or Bachelor’s Students
Andersen, Peter
Blaabjerg, Jens
Buhrkall, Anja
Christensen, Bitten Plesner
Decourcelle, Sophie
Edwards, Henrik
Egebjerg, Anne
Fledelius, Lars Anders
Gundermann, Ditte
Hansen, Britt Rosendahl
Hansen, Jacob Kirkensgaard
Hansen, Kåre Stokvad
Herdahl, Karen-Anne
Hjøllum, Jari í
Hofhuis, Joris
Huijser, Annemarie
Jacobsen, Birgitte Abery
Jensen, Henrik Tomra Skovsgaard Hegner
Jensen, Søren Højgaard
Jeppesen, Stinus
Jonsen, Lasse
Jørgensen, Kenneth
Jørgensen, Thomas
Kaaber, Kaare
Larsen, Tobias
Nielsen, Heidi Kolmorgen
Nielsen, Martin Graversgaard
Radzik, Frantz Bræstrup
Saglanmak, Neslihan
Salling, Mikkel
Thorning, Casper
Torekov, Rasmus
Summer Students
Bennov, Uffe
Berthelsen, Martin V.
Bodin, Peter
Bang-Møller, Christian
Clausen, Lasse
Christensen, Lasse E.A.
Givskov, Alex David
Godiksen, Rasmus Brauner
Hansen, Jacob Kirkensgaard
Højholt, Rune
Jakobsen, Mathilde Rosendahl
Jeppesen, Stinus
Jørgensen, Carina
Jørgensen, Kenneth
Klinkby, Esben Bryndt
Laksafoss, Poul
Larsen, Anders Astrup
Larsen, Annemette M.
Larsen, Ebbe Jannes
Lund, Majbritt
Lund-Hansen, Toke
Madsen, Anders Theilgaard
Markussen, Troels
Mortensen, Henrik Hilleke
Nielsen, Gunver
Olsen, Ulrik Lund
Petersen, Anders
Petersen, Peter Kalsen
Skovborg, Sanne
Storgaard, Michael
Sørensen, Jonas Gynther
Thorsteinsson, Sune
Thraner, Andreas N.
Østergaard, Rasmus C.
Guests
Berggren, Christian
Doherty, Roger
He, Yi
Shigekazu, Morito
Kashihara, Keizo
Xingpin, Chen
Xu, Min
Emeritus
Hansen, Niels
Leffers, Torben*
Nielsen, Mourits
Persons leaving (#) or joining (*) the 
Department during 2003. (§) Employed
at the University of Copenhagen.
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Ph.D. projects completed in 2003
Asger Abrahamsen
“Possible magnetism in vortex cores of super conducting 
TmNi2B2C studied by small angle neutron scattering”.
Technical University of Denmark. Supervisors: Claus Schelde 
Jacobsen (DTU), Jørn Bindslev Hansen (DTU), Niels Hessel 
Andersen.
Jesper Christiansen 
“Dislocation interactions with surfaces and grain bound-
aries”. Technical University of Denmark. Supervisors: Karsten 
Wedel Jacobsen (DTU), Jakob Schiøtz, Torben Leffers.
Anders Reves Dinesen
“Magneto-caloric and magneto-resistive properties of  
La0.67Ca0.33-xSrxMnO3”. Technical University of Denmark. 
Supervisors: Steen Mørup (DTU), Søren Linderoth, 
Nini H. Pryds.
Christian Højerslev
“The influence of microstructure on the fatigue properties of 
high strength materials for cold forging tools”. Technical 
University of Denmark. Supervisors: Marcel Somers (DTU), 
Povl Brøndsted, Jesper Vejlø Carstensen.
Lars Mikkelsen
”Oxidation of iron-chromium alloys”. University of Southern 
Denmark. Supervisors: Eivind Skou (SDU), Søren Linderoth, 
Mogens Mogensen, Peter Halvor Larsen.
Trine Bjerre Pedersen
”Modelling of residual stresses in sprayformed structures”. 
Technical University of Denmark. Supervisors: Jesper Hattel 
(DTU), Nini H. Pryds.
Educational work
28 Annual  Report  2003 Mater ia l s  Research Depar tment
e d u c a t i o n a l  w o r k
The Department is strongly involved in the education of students at different levels. The involvement ranges from postgraduate
and undergraduate courses and projects, in collaboration with universities and industry, to lectures for high school classes. A sum-
mer student programme was organized and a number of study groups on various subjects are taking place continuously within the
Department. Several international workshops and summer schools aimed at Ph.D. students have been arranged. In addition, many
staff members of the Department act as external university lecturers and examiners. The education of Ph.D. students and that of
Master’s and Bachelor’s Degree students are some of the most important educational activities. During 2003 six Ph.D. students
completed their Ph.D. projects, while 21 projects were still ongoing, in addition to 32 Master’s or Bachelor’s Degree students. 
Katrine Nørgaard Toft near the end.
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Ongoing Ph.D. projects 
Anders Andreasen
“Preparation and characterization of new metal hydrides for 
hydrogen storage”. Technical University of Denmark. Super-
visors: Ib Chorkendorff, (DTU), Søren Dahl (Haldor Topsøe 
A/S), Flemming Besenbacher (AU), Allan Schrøder Pedersen.
Jens W. Andreasen
“Nano-structured catalysts”. Technical University of Den-
mark. Supervisors: Kenny Ståhl (DTU),  Alfons Molenbrock 
(Haldor Topsøe A/S), Robert Feidenhans´l.
Christian Robert Haffenden Bahl
“Neutron, X-ray and TEM studies of magnetic nano-parti-
cles”. Technical University of Denmark. Supervisors: Steen 
M Mørup (DTU), Kim Lefmann and Luise Theil Kuhn.
Niels Bech Christensen
“Quantum phase transitions”. University of Copenhagen. 
Supervisors: Jens Als-Nielsen (KU), Des McMorrow.
Carsten Gundlach
”Recovery in aluminium”. University of Copenhagen. Super-
visors: Erik Johnson (KU), Henning Friis Poulsen, Wolfgang 
Pantleon.
Anette Nørgaard Hansson
“Protection against metallic oxidation”. Technical University 
of Denmark. Supervisors: Marcel Somers (DTU), Søren 
Linderoth, Mogens Mogensen.
Jens V. T. Høgh
“Kinetics of metal/hydrogen electrode on solid electrolytes”. 
Technical University of Denmark. Supervisors: Torben Jacob-
sen (DTU), Ib Chorkendorff (DTU), Mogens Mogensen.
Søren Højgaard Jensen
“High temperature electrolysis”. Technical University of 
Denmark. Supervisors: Ib Chorkendorff (DTU), Mogens 
Mogensen, Peter V. Hendriksen, Nikolaos Bonanos.
Thomas Bagger Stibius Jensen
“Neutron and Synchrotron X-ray studies of charge and 
magnetic ordering in superconductors”. University of 
Copenhagen. Supervisors: Per Hedegaard (KU) and  
Niels Hessel Andersen.
Stine Nyborg Klausen
”Magnetic dynamics of nanoparticles”. Technical University 
of Denmark. Supervisors: Steen Mørup (DTU), Kim Lefmann, 
Kurt N. Clausen.
Trine Klemensø
”Relationships between structures and performance of SOFC 
anodes”. Technical University of Denmark. Supervisors: 
Torben Jacobsen (DTU), Jørgen Gutzon Larsen (Haldor 
Topsøe A/S), Mogens Mogensen.
Tine Knudsen
“Hot Deformation Structures in Metals”. Roskilde University 
Centre. Supervisors: Jeppe Dyre, Grethe Winter, Niels Hansen.
Axel W. Larsen
”Nucleation in metals”. Technical University of Denmark. Su
pervisors: Jens Als-Nielsen (KU), Henning Friis Poulsen, Dorte 
Juul Jensen.
Zhengjie Li
“Effect of Grain Orientation on Dislocation Structures and 
Mechanical Properties”. Technical University of Denmark.
Supervisors: Niels Bay (DTU), Grethe Winther, Niels Hansen.
Bo Madsen
”Properties of plant fibre composites – an experimental model 
study”. Supervisors: Lars Damkilde (DTU), Preben Hoffmeyer 
(DTU), Anne Belinda Thomsen (PRD, Risø), Hans Lilholt.
Mette Poulsen
“Nanostructuring with bonding”. Technical University of 
Denmark. Supervisors:  Flemming Jensen (DTU), Robert 
Feidenhans´l.
Henrik Nikolaj Blicher Schmidt
”Modelling of mechanical and metallurgical properties of 
friction stir welded joints”. Technical University of Denmark. 
Supervisors: Jesper Hattel (DTU), John A. Wert.
Martin Søgaard
”Properties of perovskites with varying A/B-ratio”. Technical 
University of Denmark. Supervisors: Torben Jacobsen (DTU) , 
Peter Vang Hendriksen, Mogens Mogensen, Finn Willy 
Poulsen.
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Anders Thygesen
“Hemp fibres for light and strong composites – optimisation 
and characterisation”. Royal Veterinary and Agricultural Uni-
versity. Supervisors: Per Ole Olesen (KVL), Claus Felby (KVL), 
Anne Belinda Thomsen (PRD, Risø), Hans Lilholt.
Katrine Nørgaard Toft
”Magnetic properties of superconductors”. University of 
Copenhagen. Supervisors: J. Jensen (KU), Niels Hessel 
Andersen.
Christian Bech Wejdemann
“Nanomechanics of metal fatigue”. Technical University of 
Denmark. Supervisors: Karsten W. Jacobsen (DTU), Ole 
Bøcker Pedersen, J. B. Bilde-Sørensen.
Master’s or Bachelor’s projects
Peter Andersen
“Antiferromagnetism in YBCO nanoparticles”. University of 
Copenhagen. Supervisors: Jens Als-Nielsen (KU), Luise Theil 
Kuhn. 
Jens Blaabjerg, Kaare Kaaber
”Pattern recognition algorithms for the 3DXRD microscope”. 
University of Copenhagen. Supervisors: Peter Johansen (KU), 
Søren Schmidt.
Anja Buhrkall
“Use of cast iron in windmills”. Engineering School Copen-
hagen. Supervisors: Gitte Mellemgaard (IHK), Krin Sigumfeldt 
(IHK), Jacob Ilsted Bech, Povl Brønsted.
Bitten Plesner Christensen, Jacob Kirkensgaard 
Hansen, Kåre Stokvad Hansen
“Optimering af neutronspredningsudstyr ved Monte Carlo 
simulering”. Roskilde University. Supervisors: Dorthe Posselt 
(RUC), Kim Lefmann.
Sophie Decourcelle
“pH controlled dispersion of Al2O3 in ethanol”, ENSCI, Limo-
ges, France. Supervisors: Mohan Menon, Séverine Ramousse,
Peter H. Larsen. Completed in 2003.
Henrik Edwards
“Monte Carlo simulation of neutron scattering from high 
Tc superconductors”. University of Copenhagen. Supervisors: 
Jens Als-Nielsen (KU), Kim Lefmann.
Anne Egebjerg
“X-ray scattering investigations of bonded interfaces”. 
University of Copenhagen. Supervisors: Sine Larsen (KU), 
Flemming Jensen (DTU), Robert Feidenhans’l.
Lars Anders Fledelius, Henrik Tomra 
Skovsgaard Hegner Jensen
“Development of TACO device servers for data processing in 
FABLE”. Engineering College of Copenhagen. Supervisors: 
Søren Schmidt, Henning Haugaard (Engineering College of 
Copenhagen). Completed in 2003.
Ditte Gundermann, Tobias Larsen, 
Martin Graversgaard Nielsen, Neslihan Saglanmak
“Synthesis of Fe-Au nano particles by the micelle method”. 
Roskilde University. Supervisors: Niels Boye Olsen (RUC), 
Luise Theil Kuhn.
Britt Rosendahl Hansen
”Properties of magnetic nano-particles”.  Technical University 
of Denmark. Supervisors: Steen Mørup (DTU) and Kim Lef-
mann.
Karen-Anne Herdahl, Heidi Kolmorgen Nielsen
”Exact numerical diagonalisation of magnetic Bloch oscilla-
tions in one dimension”. Roskilde University. Supervisors: 
Jeppe Dyre (RUC), Kim Lefmann. Completed in 2003.
Jari í Hjøllum
“Maghemite and hematite nanoparticles, synthesis and mag-
netic properties”. University of Copenhagen. Supervisors: 
Morten Bo Madsen (KU), Luise Theil Kuhn.
Joris Hofhuis
“Synthesis and characterisation of metal hydrides and metal-
oxy-hydrides”. Delft University of Technology. Supervisor: 
Finn W. Poulsen. Completed in 2003.
Annemarie Huijser
“Isotope effect in proton conducting oxides”. Delft University 
of Technology. Supervisors: Finn W. Poulsen, Nikolaos Bo-
nanos. Completed in 2003.
Birgitte Abery Jacobsen
“Critical currents in BiSCCO/Ag tapes for superconducting 
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power cables”. University of Copenhagen. Supervisors: P.E. 
Lindelof (KU), Jørn Bindslev Hansen (DTU), Niels Hessel 
Andersen.
Søren Højgaard Jensen
“High temperature solid oxide electrolyser”. University of 
Copenhagen. Supervisors: Jan W. Thomsen (KU), Mogens 
Mogensen. Completed in 2003.
Stinus Jeppesen
“Structural and magnetic properties of amorphous alloys”. 
Technical University of Denmark. Supervisors: Steen Mørup 
(DTU), Nini Pryds
Lasse Jonsen
”Crack growth in gel-coat”. Eng. School Odense Teknikum. 
Supervisors: Mariann Niss (IOT), Povl Brøndsted.
Kenneth Jørgensen
“Modelling of delamination at ply drops”. Technical Univer-
sity of Denmark. Supervisors: Viggo Tvergaard (DTU), Bent 
Sørensen.
Thomas Jørgensen
“Investigation of the superconducting properties of 
MgB2/Fe tapes”. University of Copenhagen. Supervisors: 
Per Hedegård (KU), Jean-Claude Grivel.  Completed in 2003.
Frantz Bræstrup Radzik
“Development and studies of ladder compound super con-
ductors”.  University of Copenhagen. Supervisors: Emil Ma- 
kovicky (KU), Jean-Claude Grivel and Niels Hessel Andersen.
Mikkel Salling
“Mapping of in-plane conductivity fuel cell current collec-
tors”. Technical University of Denmark. Supervisors: Gøsta 
Tuesen (DTU), Uffe Korsbech (DTU), Nikolaos Bonanos.
Casper Thorning
”Orientation subdivision of grains of known orientation 
in polycrystals strained in tension”. Technical University 
of Denmark. Supervisors: Marcel A.J. Somers (DTU), 
John Wert.
Rasmus Torekov
“Development of a test rig for composite slab under com-
pressive loads”. Technical University of Denmark. Supervisors: 
Peder Klit (DTU) and Jacob Ilsted Bech.
Lecturing courses and 
other teaching activities
Basic course in fuel cell
DTU, course no. 41410, 2003. Lecturers: D. Lybye, S. 
Ramousse, R. Barfod.
Composit Materials
Roskilde Technical College/HTX. Lecturer: Lars P. Mikkelsen.
Composit Materials and Processing
Odense University College of eng., autumn 2003. Lecturers: 
Lars P. Mikkelsen and Bent F. Sørensen.
Current topics in Physical Metallurgy
Risø, spring 2003. Lecturer: Roger Doherty.
DC-Characteristics of SOFC
DTU Fagpakkeprojekt. May 2003. Advisor: Rasmus Barfod.
Defect Chemistry Course
Universität Karlsruhre. Nov. 2003. Lecturer: Finn W. Poulsen.
Energy – Fuel Cells and the Hydrogen Society
DTU, course no. 41403, 2003. Lecturer: Mogens Mogensen.
Engineering Physics - Solid Oxide Fuel Cells
Technical University of Helsinki. Nov. 2003. Lecturer: 
Finn W. Poulsen.
Mathematics A, Excersises
KU. Autumn 2003. Lecturer: Axel W. Larsen.
Modern Physics
DTU, course no. 10501, 2003. Lecturer: Peter V. Hendriksen.
Nano Magnetism
Study group for Ph.D. students and others, Risø, DTU and 
NBI, 2003 Lecturers: Stine N. Klausen, K. Lefmann, Per-Anker 
Lindgård, Luise Theil Kuhn. 
Nano Science Seminars
for Ph.D. students and others, NBI, 2003. Member of 
organising committee: Luise Theil Kuhn.
Positron Annihilation CNRS School
CERI-CNRS, Orle’ans, France Nov. 20-21, 2003. Lecturer 
Morten Eldrup.
e d u c a t i o n a l  w o r k
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International Workshop on Hard Synchrotron 
X-ray for Texture and Strain Analysis
DESY, Germany, Apr. 9-11, 2003. Member of Committee: Jen-
sen, D.J. Chairman: Poulsen, H.F.
International Conference on the Strength of Materials
Budapest, Hungary, Aug. 25-30, 2003. International Commit-
tee: Jensen, D.J.
24th Risø International Symposium Superconductivity
and magnetism: Materials properties and developments
Risø National Laboratory, Denmark, Sep 10-13, 2003. Organi-
zers: Andersen, N.H.; Lebech, B.; Larsen, A.;  Bay, N.; Grivel,
J.-C.; Hedegård, P.; McMorrow, D.; Mørup, S.; Kuhn, L.T.; Lef-
mann, K.; Lindelof, P.-E.; Linderoth, S.; Pedersen, N.F. 
11th International Conference on Fusion Reactor Materials
Kyoto, Japan, Dec. 7-12, 2003, Member of program Commit-
tee: Singh, B.N.
Physical Metallurgy
DTU, course no. 42150, 2003. Lecturer: John Wert.
QUP-Seminars
DTU, 2003. Lecturer: Per-Anker Lindgård.
SOFC-brændselsceller
Nørremarksskolen, Vejle. 2003. Lecturer: Dorthe Lybye.
Solid oxide fuel cells
DTU, 2003. Lecturer: Séverine Ramousse.
Structure and Solid State Chemistry
DTU, course no. 26320, 2003. Lecturer: Finn W. Poulsen. 
Superconductivity
for masters students at Copenhagen University, autumn 
2003, Experimental supervisors: Jean Claude Griviel, Bente 
Lebech, Luise Theil Kuhn, Asger Bech Abrahamsen, Kim 
Lefmann and Niels Hessel Andersen; theoretical supervisor: 
Thomas Bagger Stibius Jensen and Per Hedegaard (KU).
Tillämpad Kärnfysik
Lunds Universitet, Sweden, autumn 2003. 
Lecturer: Kim Lefmann.
X-ray Physics
Course for Ph.D. and master students, NBI, 2003. External 
Lecturer: Desmond F. McMorrow, excercises: Martin 
Meedom Nielsen and Oliver Bunk.
e d u c a t i o n a l  w o r k  /  
o r g a n i z a t i o n  o f  i n t e r n a t i o n a l  m e e t i n g s  /  p r i z e s ,  a w a r d s ,  h o n o u r s
Organization of international meetings
Per-Anker Lindgård
Appointed Adjunct Professor, Department of Physics, 
Danish Technical University, Lyngby
Desmond F. McMorrow
Received the Allan Mackintosh Award
Mogens Mogensen
Appointed Research Professor at Risø National Laboratory
Martin Søgaard
Received the “Elektrofondets Kandidatpris” from the 
Society of Danish Engineers
Prizes, awards, honours
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Many scientists in the Department are involved in teaching ac-
tivities - beyond that of supervising Ph.D. and Master's degree
students. The experimental facilities and the expertise are he-
reby shared with many potential professionals. There are cour-
ses for undergraduates, for high school students and for sum-
mer students. The latter is an excellent way for young people
to get acquainted with the Risø spirit. To give an impression,
here are some examples from the various groups:
In the autumn term, two senior scientists shared the pleasure of
going to Odense by train every Monday teaching Composite
materials and processing for students studying for B.Eng. in In-
tegrated Design. The course is a mixture of theory, experiments
(done at Risø) as well as visits to industrial companies (LM Glas-
fiber A/S and Fiberline Composites A/S). While the students so-
metimes were a bit lost in the mathematics they also expressed
that the ”nerds” from Risø were a welcome change in their
study. More than 30 students attended the course in 2003. 
A course on superconductivity was given at Copenhagen Uni-
versity with a broad course on relevant experimental techni-
ques at Risø, and some part at DTU. Eight staff members parti-
cipated extensively at various stages of the course. The nine
students were very enthusiastic and obtained excellent results
at the following examination. A special challenge was offered:
Who makes the best superconductor?  and the winning team
was awarded a prize. Three of the students consider continuing
with their Master's thesis work on superconductivity at Risø.  
For three of the scientific staff in the fuel cell group, year 2003
started with teaching at a three weeks course at DTU: Basic course
on fuel cells. The course is a combination of lectures at DTU and
experimental work at Risø. The students were very positive and
expressed that they were pleasantly surprised to meet the young
and enthusiastic teachers who could pass on their knowledge in
a very down to earth way. Six of the 18 students continued at
Risø with smaller projects afterwards, and two as summer stu-
dents. High school classes have also visited the group and a ninth
grade physics class had an introduction to SOFC. 
A full semester course was given by a visiting professor at the
M4D centre at Risø on Current Topics of Physical Metallurgy.
Eight students attended the course and utilised the possibility
of gaining the university-approved credit. 
The Summer Student Program 
A number of projects for undergraduates have been offered,
which enables them to work closely on an active research pro-
ject and to get a feel for what research is about. Usually, it
amounts to six to eight weeks during the summer, hence the
name, but might also be at other times. About 30 undergradu-
ate students from University of Copenhagen, Technical Univer-
sity of Denmark and Roskilde University and elsewhere partici-
pated. Most students terminated their projects with a written
report and a seminar. Several of the students learned to use a
scanning electron microscope for their projects. As one expres-
sed his appreciation: “It is cool  to learn how to use such a mi-
croscope”. 
Per-Anker Lindgård
Teaching in the Department
Some of the summer students.
t e a c h i n g
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Morten Eldrup takes a critical look at the manual for the PC programme package PATFIT-88, which has been developed at Risø for the analysis of positron annihila-
tion spectroscopy data. Until now, the programme package has been distributed, on a commercial basis, to more than one hundred research groups around the world.
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International Publications
Algers, J.; Maurer, F.H.J.; Eldrup, M.; Wang, J.S., Free volume and
mechanical properties of Palacos (R) R bone cement. J. Mater.
Sci. - Mater. Med. (2003) v. 14 p. 955-960
Alonso, C.; Gurney, R.W.; Eliash, R.; Hong, S.C.; Shen, Y.R.; Jensen,
T.R.; Kjær, K.; Konovalov, O.; Lahav, M.; Leiserowitz, L., A crys-
talline Langmuir monolayer designed as a template for selec-
tive intercalation of water soluble a-amino acids. Cryst. Growth
Des. (2003) v. 3 p. 683-690
Andreasen, J.W.; Rasmussen, O.; Feidenhans’l, R.; Rasmussen, F.B.;
Christensen, R.; Molenbroek, A.M.; Goerigk, G., An in situ cell
for small-angle scattering experiments on nano-structured cat-
alysts. J. Appl. Cryst. (2003) v. 36 p. 812-813
Apps, P.J.; Bowen, J.R.; Prangnell, P.B., The effect of coarse second-
phase particles on the rate of grain refinement during severe
deformation processing. Acta Mater. (2003) v. 51 p. 2811-2822
Berg-Sørensen, K.; Oddershede, L.; Florin, E.L.; Flyvbjerg, H., Unin-
tended filtering in a typical photodiode detection system for
optical tweezers. J. Appl. Phys. (2003) v. 93 p. 3167-3176
Bilde-Sørensen, J.B.; Schiøtz, J., Nanocrystals get twins. Science
(2003) v. 300 p. 1244-1245
Buller, R.; Weissbuch, I.; Cohen, S.; Kjær, K.; Lahav, M.; Leiserowitz,
L., Crystalline corrugation multilayer films on aqueous sub-
phases. Helv. Chim. Acta (2003) v. 86 p. 2711-2725
Bunk, O.; Nielsen, M.M.; Sølling, T.I.; Craats, A.M. van de; Stutz-
mann, N., Induced alignment of a solution-cast discotic hexa-
benzocoronene derivative for electronic devices investigated
by surface X-ray diffraction. J. Am. Chem. Soc. (2003) v. 125 p.
2252-2258
Champion, J.D.M.; Harris, M.J.; Holdsworth, P.C.W.; Wills, A.S.; Bal-
akrishnan, G.; Bramwell, S.T.; Cizmar, E.; Fennell, T.; Gardner,
J.S.; Lago, J.; McMorrow, D.F.; Orendac, M.; Orendacova, A.;
Paul, D.M.; Smith, R.I.; Telling, M.T.F.; Wildes, A., Er2Ti2O7: Ev-
idence of quantum order by disorder in a frustrated antiferro-
magnet. Phys. Rev. B (2003) v. 68 p. 020401.1-020401.4
Christensen, M.; Bryan, J.D.; Birkedal, H.; Stucky, G.D.; Lebech, B.;
Iversen, B.B., Crystal and magnetic structure of Eu4Ga8Ge16.
Phys. Rev. B (2003) v. 68 p. 174428.1-174428.8
Christiansen, G.; Bowen, J.R.; Lindbo, J., Electrolytic preparation of
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son, Travis, A.R.; Bertrand, G.; Di-Pastena, C.; Thompson, C.;
Henson, M.A.; and Day, M.J., Scale Up of a Multi-Functional
Solid Oxide Fuel Cell to Multi-Tens of Kilowatt Level (MF-SOFC),
In: Proceedings. 8. International symposium on solid oxide fuel
cells (SOFC VIII); Electrochemical Society 203. Meeting, Paris
(FR), 27 Apr - 2 May 2003. Singhal, S.C.; Dokiya, M. (eds.),
(Electrochemical Society, Pennington, NJ, 2003) p. 78-87
Andersen, S.I.; Guillaumat, L., Multimateriaux pour le blindage
soumis a un impact. In: Comptes rendus. 13. Journées Na-
tionales des Composites, Strasbourg (FR), 12-14 Mar 2003. Ré-
mond, Y.; Lamon, J. (eds.), (AMAC, Paris, 2003) p. 441-450
Barfod, R.; Koch, S.; Liu, Y.L.; Larsen, P.H.; Hendriksen, P.V., Long-term
tests of DK-SOFC cells. In: Proceedings. 8. International sym-
posium on solid oxide fuel cells (SOFC VIII); Electrochemical So-
ciety 203. Meeting, Paris (FR), 27 Apr - 2 May 2003. Singhal,
S.C.; Dokiya, M. (eds.), (Electrochemical Society, Pennington,
NJ, 2003) p. 1158-1166
Bilde-Sørensen, J.B., Measurements of beam skirt profiles under var-
ious conditions in low vacuum SEMs. In: Proceedings book.
SCANDEM 2003. 54. Annual meeting of the Scandinavian So-
ciety for Electron Microscopy, Oslo (NO), 10-13 Jun 2003. Jør-
gensen, S.; Gunnæs, A.E. (eds.), (Scandinavian Society for Elec-
tron Microscopy, s.l., 2003) p. 47-48
Brøndsted, P., Microstructural properties and fatigue behaviour of
high strength tool steels. In: Metalliske konstruktionsmaterialer
- processer, egenskaber, anvendelse. Winter Meeting of the
Danish Metallurgical Society, Fredericia (DK), 8-10 Jan 2002.
Somers, M.A.J. (eds.), (DMS, Lyngby, 2003) p. 71-86
Christiansen, N.; Kristensen, S.; Holm-Larsen, H.; Larsen, P.H.; Mo-
gensen, M.; Hendriksen, P.V.; Linderoth, S.; Status of the SOFC
Development at Haldor Topsøe/Risø, In: Proceedings. 8. Inter-
national symposium on solid oxide fuel cells (SOFC VIII); Elec-
trochemical Society 203. Meeting, Paris (FR), 27 Apr - 2 May
2003. Singhal, S.C.; Dokiya, M. (eds.), (Electrochemical Soci-
ety, Pennington, NJ, 2003) p. 105 - 126
Clausen, B.; Leffers, T. The best choice of reflection for measure-
ments of bulk residual stresses as derived from self-consistent
modelling. In: Abstract booklet. International workshop on
hard synchrotron X-rays for tecture and strain analysis, Ham-
burg (DE), 9-11 Apr 2003. (DESY, Hamburg, 2003) p. 30
Clausen, K.N., Status of the European Spallation Source (ESS) proj-
ect. In: TRESSES. Table ronde ESS evaluation stratégique, St-
Rémy-lès-Chevreuse (FR), 15-17 Jan 2001. (2001) p. 27-37 
Clausen, K.N., The European Spallation Source (ESS) project. In:
Proceedings. 15. Meeting of the International Collaboration on
Advanced Neutron Sources (ICANS-XV), Tsukuba (JP), 6-9 Nov
2000. JAERI-CONF-2001-002 (2001) p. 27-31
Dickerson, T.L.; Shercliff, H.R.; Schmidt, H., A weld marker tech-
nique for flow visualization in friction stir welding. In: Proceed-
ings (CD-ROM). 4. International symposium on friction stir
welding, Park City, UT (US), 14-16 May 2003. (TWI World Cen-
tre for Materials Joining Technology, Sheffield, 2003) vp.
Esquirol, A.; Bonanos, N.; Brandon, N.; Kilner, J.; Mogensen, M., Elec-
trochemical characterisation of a La0.6Sr0.4Co0.2Fe0.8O3-δ cathode
for IT-SOFCs. In: Proceedings. 8. International symposium on
solid oxide fuel cells (SOFC VIII); Electrochemical Society 203.
Meeting, Paris (FR), 27 Apr - 2 May 2003. Singhal, S.C.; Dokiya,
M. (eds.), (Electrochemical Society, Pennington, NJ, 2003) p.
580-590
Gamstedt, E.K.; Jacobsen, T.K.; Sørensen, B.F., Determination of co-
hesive laws for materials exhibiting large scale damage zones.
In: Analytical and computational fracture mechanics of non-ho-
mogeneous materials. IUTAM symposium, Cardiff (GB), 18-22
Jun 2001. Karihaloo, B.L. (ed.), (Kluwer Academic Publishers,
Dordrecht, 2002) p. 349-354
Hansen, J.; Pålsson, J.; Nielsen, J.; Fontell, E.; Kivisaari, T.; Jumppa-
nen, P.; Hendriksen, P.V., Design aspects of a 250 kW SOFC sys-
tem strategies to counteract stack degradation. In: 2003 Fuel
Cell Seminar, Miami Nov. 4-7 2003, Book of abstracts (issued
by: Fuel Cell Seminar Headquarters, c/o Courtesy Associates,
2025 M Street, Suite 800, Washington, DC 20036, 2003)
Hansen, K.V.; Mogensen, M., H2-H2O-Ni-YSZ electrode performance
and segregation to the interface. In: Proceedings. 8. Interna-
tional symposium on solid oxide fuel cells (SOFC VIII); Electro-
chemical Society 203. Meeting, Paris (FR), 27 Apr - 2 May
2003. Singhal, S.C.; Dokiya, M. (eds.), (Electrochemical Soci-
ety, Pennington, NJ, 2003) p. 686-694
Hansson, A.N.; Friehling, P.B.; Linderoth, S.; Somers, M.A.J., Inter-dif-
fusion between Co3O4 coating and the oxide scale on Fe-22Cr.
In: Proceedings. Vol. 2. H: Mass and Charge Transport in Inor-
ganic Materials - II. 10. International ceramics congress and 3.
Forum on new materials, Florence (IT), 14-18 Jul 2002. (Techna
Srl, Faenza, 2003) p. 325-332
Hart, N.T.; Agnew, G.D.; Wright, G.J.; Cassidy, M.; Collins, R.D.; Bo-
nanos, N.; Thomsen, H.S.; Bentzen, J.J.; Liu, Y.-L.: Atkinson, A.;
Travis, R.; Hagos, S.T.; Liu, Q.; Bertrand, G.; Di-Pastena, C.;
Thomspon, C.; Henson, M.A.; Day, A.J.; ”Scale Up of a Multi-
Functional Solid Oxide Fuel Cell to Multi-Tens of Kilowatt Level
(MF-SOFC)”. Eight Grove Fuel Cell Symposium, 25-26 Sep-
tember 2003, ExCel, London, UK
Hattel, J.H.; Pryds, N.H.; Pedersen, T.B., Numerical model for the
prediction of Gaussian and Billet shape (invited paper). In:
SDMA 2003 and ICSF V. Vol. 2. 2. International conference on
spray deposition and melt atomization and 5. International con-
ference on spray forming, Bremen (DE), 22-25 Jun 2003. Bauck-
hage, K.; Fritsching, U.; Uhlenwinkel, V.; Ziesenis, J.; Leatham, A.
(eds.), (Universität Bremen, Bremen, 2003) p. 109-116
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Hattel, J.H.; Thorborg, J.; Pryds, N.H.; Pedersen, T.B., An integrated
approach for the numerical modelling of the spray forming
process. In: Modeling of casting, welding, and advanced solid-
ification processes X. 10. International conference, Destin, FL
(US), 25-30 May 2003. Stefanescu, D.; Warren, J.; Jolly, M.;
Krane, M. (eds.), (TMS, Warrendale, 2003) p. 557-564
Hendriksen, P.V.; Koch, S.; Mogensen, M.; Liu, Y.L.; Larsen, P.H., Break-
down of losses in thin electrolyte SOFCs. In: Proceedings. 8. In-
ternational symposium on solid oxide fuel cells (SOFC VIII);
Electrochemical Society 203. Meeting, Paris (FR), 27 Apr - 2
May 2003. Singhal, S.C.; Dokiya, M. (eds.), (Electrochemical
Society, Pennington, NJ, 2003) p. 1147-1157
Huang, X., Orientation and misorientation in deformation induced
nanostructure. In: Proceedings. 6. Multinational congress on
microscopy - European extension, Pula (HR), 1-5 Jun 2003. Mi-
lat, O.; Jezek, D. (eds.), (Croatian Society for Electron Mi-
croscopy, Zagreb (HR), 2003) p. 189-190
Hughes, D.A.; Huang, X.; Hansen, N., Quantification and analysis of
deformation microstructures. In: Proceedings. 1. International
symposium on metallurgical modeling for aluminum alloys,
Pittsburgh, PA (US), 13-15 Oct 2003. Tiryakioglu, M.; Lalli, L.A.
(eds.), (ASM International, Pittsburgh, PA, 2003) p. 137-144
Jensen, S.H.; Høgh, J.V.T.; Barfod, R.; Mogensen, M., High tempera-
ture electrolysis of steam and carbon dioxide. In: Energy tech-
nologies for Post Kyoto targets in the medium term. Proceed-
ings. Risø international energy conference, Risø (DK), 19-21
May 2003. Sønderberg Petersen, L. ; Larsen, H. (eds.), Risø Na-
tional Laboratory (DK). Risø-R-1405(EN) (2003) p. 204-215 
Juul Jensen, D.; Vandermeer, R.A., Recrystallisation growth rates in
hot deformed aluminium. In: Hot deformation of aluminum al-
loys 3. 2003 TMS annual meeting, San Diego, CA (US), 2-6 Mar
2003. Jin, Z.; Beaudoin, A.; Bieler, T.A.; Radhakrishnan, B.
(eds.), (TMS, Warrendale, PA, 2003) p. 13-25
Kammer Hansen, K.; Mogensen, M., Electrodes for oxidation of
methane. In: Proceedings. 8. International symposium on solid
oxide fuel cells (SOFC VIII); Electrochemical Society 203. Meeting,
Paris (FR), 27 Apr - 2 May 2003. Singhal, S.C.; Dokiya, M. (eds.),
(Electrochemical Society, Pennington, NJ, 2003) p. 781-786
Leffers, T.; Pedersen, O.B., Atomistic modelling of cross-slip and its
contribution to the understanding of texture and fatigue in
FCC materials (invited lecture). In: Program. NATO advanced
research workshop on metallic materials with high structural ef-
ficiency, Kyiv (UA), 7-13 Sep 2003. (Frantcevych Institute for
Problems of Materials Science, Kiev, 2003) p. 31
Lystrup, Aa.; Toftegaard, H., Design and test of lightweight sand-
wich T-joint for naval ships. In: Proceedings. ACMC/SAMPE
conference on marine composites, Plymouth (GB), 11-12 Sep
2003. (University of Plymouth, Advanced Composites Manu-
facturing Centre, Plymouth, 2003) p. 149-162
Martins, R.V.; Margulies, L.; Schmidt, S.; Poulsen, H.F.; Leffers, T. Si-
multaneous measurement of the strain tensor of 10 individual
grains embedded in an Al tensile sample. In: Fundamental as-
pects of the deformation and fracture of materials. Book of ab-
stracts. 13. International conference on the strength of materi-
als (ICSMA-13), Budapest (HU), 25-30 Aug 2003. (ICSMA,
Budapest, 2003) p. 17
McGugan, M., Bech, T.; Sørensen, B. F.; Jørgensen, E.; Kristensen, O.
J. D.; Improving the structural testing of wind turbine blades by
monitoring acoustic emission, Proceedings of the 4th int. work-
shop on structural health monitoring. 15-17 Sep. 2003, Stan-
ford University, CA, US. Structural Health Monitoring, (ed.) Fu-
Kuo Chang, 820-827
Mogensen, M.; Hendriksen, P.V., Experimental requirements in de-
termination of SOFC electrode kinetics. In: Proceedings. 8. In-
ternational symposium on solid oxide fuel cells (SOFC VIII);
Electrochemical Society 203. Meeting, Paris (FR), 27 Apr - 2
May 2003. Singhal, S.C.; Dokiya, M. (eds.), (Electrochemical
Society, Pennington, NJ, 2003) p. 1126-1131
Nielsen, S.F., Ikke destruktiv måling af plastisk deformation i tre di-
mensioner. In: Metalliske konstruktionsmaterialer - processer,
egenskaber, anvendelse. Winter Meeting of the Danish Metal-
lurgical Society, Fredericia (DK), 8-10 Jan 2002. Somers, M.A.J.
(eds.), (DMS, Lyngby, 2003) p. 45-52
Nielsen, S.F.; Lauridsen, E.M.; Margulies, L.; Poulsen, H.F.; Schmidt, S.;
Juul Jensen, D., In situ characterisation of thermomechanical
processes. In: Conference proceedings. International confer-
ence on thermomechanical processing: Mechanics, mi-
crostructure and control, Sheffield (GB), 23-26 Jun 2002.
Palmiere, E.J.; Mahfouf, M.; Pinna, C. (eds.), (University of
Sheffield, Department of Engineering Materials, Sheffield,
2003) p. 186-192
Pantleon, W., Dislocation-based behaviour of deformation-induced
boundaries during plastic deformation. In: Proceedings. 10. In-
ternational symposium on plasticity and its current applications
(Plasticity ‘03), Quebec (CA), 7-11 Jul 2003. Khan, A.S.; Kazmi,
R.; Zhou, J. (eds.), (NEAT Press, Fulton, MD (US), 2003) p. 292-
294
Pantleon, W.; Juul Jensen, D., Orientation inhomogeneities resolved
by 3D X-ray diffraction and EBSD. In: Proceedings. 10. Interna-
tional symposium on plasticity and its current applications (Plas-
ticity ‘03), Quebec (CA), 7-11 Jul 2003. Khan, A.S.; Kazmi, R.;
Zhou, J. (eds.), (NEAT Press, Fulton, MD (US), 2003) p. 490-492
Pedersen, A.S., Hydrogen storage with emphasis on metal hydrides.
In: Energy technologies for Post Kyoto targets in the medium
term. Proceedings. Risø international energy conference, Risø
(DK), 19-21 May 2003. Sønderberg Petersen, L. ; Larsen, H.
(eds.), Risø National Laboratory (DK). Risø-R-1405(EN) (2003)
p. 236-243
Pedersen, O.B.; Leffers, T., Toward the atomic scale in cyclic plastic-
ity. In: Proceedings. 10. International symposium on plasticity
and its current applications (Plasticity ‘03), Quebec (CA), 7-11
Jul 2003. Khan, A.S.; Kazmi, R.; Zhou, J. (eds.), (NEAT Press, Ful-
ton, MD (US), 2003) p. 46-49
Pedersen, O.B.; Leffers, T., Slip avalanches and nanostructures in fa-
tigue of FCC single crystals. In: Fundamental aspects of the de-
formation and fracture of materials. Book of abstracts. 13. In-
ternational conference on the strength of materials
(ICSMA-13), Budapest (HU), 25-30 Aug 2003. (ICSMA, Bu-
dapest, 2003) p. 155-156
Poulsen, M.; Egebjerg, A.; Bunk, O.; Nielsen, M.; Nielsen, M.M., Fei-
denhans’l, R.; Jensen, F., Towards a microscopic understanding
of plasma activated bonding. In: Semiconductor Wafer Bond-
ing VII: Science, Technology, and Applications.The 203rd Elec-
trochemical Society Meeting - Paris (F), April 27 - May 2, 2003.
Proceedings Volume PV 2003-19
Schmidt, S.; Juul Jensen, D., Recrystallization at the 3DXRD micro-
scope. In: Proceedings. 1. International symposium on metal-
lurgical modeling for aluminum alloys, Pittsburgh, PA (US), 13-
15 Oct 2003. Tiryakioglu, M.; Lalli, L.A. (eds.), (ASM
International, Pittsburgh, PA, 2003) p. 169-174
Wang, W.G.; Barfod, R.; Larsen, P.H.; Kammer, K.; Bentzen, J.J.; Hen-
driksen, P.V.; Mogensen, M., Improvement of LSM Cathode for
High Power Density SOFC, In: Proceedings. 8. International
symposium on solid oxide fuel cells (SOFC VIII); Electrochemi-
cal Society 203. Meeting, Paris (FR), 27 Apr - 2 May 2003. Sing-
hal, S.C.; Dokiya, M. (eds.), (Electrochemical Society, Penning-
ton, NJ, 2003) p. 400-408
Wert, J.A.; Processing of superplastic aluminium alloys. In: Met-
alliske konstruktionsmaterialer - processer, egenskaber, anven-
delse. Winter Meeting of the Danish Metallurgical Society,
Fredericia (DK), 8-10 Jan 2002. Somers, M.A.J. (eds.), (DMS,
Lyngby, 2003) p. 53-69
Wingerde, A.M. van; Nijssen, R.P.L.; Delft, D.R.V. van; Janssen,
L.G.J.; Brøndsted, P.; Dutton, A.G.; Heijdra, J.J.; Kensche, C.W.;
Philippidis, T.P.; Jacobsen, T.K.; Introduction to the OPTIMAT
BLADES project. In: Proceedings CD-ROM. CD 2. European
wind energy conference and exhibition 2003 (EWEC 2003),
Madrid (ES), 16-19 Jun 2003. (European Wind Energy Associa-
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tion, Brussels, 2003) 9 p.
Winther, G.; Slip, dislocation structures and lattice rotations. In: Pro-
ceedings. 10. International symposium on plasticity and its cur-
rent applications (Plasticity ‘03), Quebec (CA), 7-11 Jul 2003.
Khan, A.S.; Kazmi, R.; Zhou, J. (eds.), (NEAT Press, Fulton, MD
(US), 2003) p. 304-306
Winther, G.; Hansen, N.; Analysis and comparison of dislocation
structures in cold and hot deformation. In: Hot deformation of
aluminum alloys 3. 2003 TMS annual meeting, San Diego, CA
(US), 2-6 Mar 2003. Jin, Z.; Beaudoin, A.; Bieler, T.A.; Radhakr-
ishnan, B. (eds.), (TMS, Warrendale, PA, 2003) p. 135-150
Winther, G.; Hansen, N., Characterisation and properties of defor-
mation induced boundaries. In: Conference proceedings. In-
ternational conference on thermomechanical processing: Me-
chanics, microstructure and control, Sheffield (GB), 23-26 Jun
2002. Palmiere, E.J.; Mahfouf, M.; Pinna, C. (eds.), (University
of Sheffield, Department of Engineering Materials, Sheffield,
2003) p. 85-91
Publications for a Broader Audience
Andreasen, A., Preparation and characterization of new metals and
alloys for hydrogen storage. In: Graduate school yearbook
2003. Dam-Johansen, K.; Skjøth-Rasmussen, M.S. (eds.), (Tech-
nical University of Denmark, Department of Chemical Engi-
neering, Lyngby, 2003) p. 5-7 
Lefmann, K.; Arleth, L.; Vigild, M.E.; Mortensen, K.; Lebech, B., ESS:
Nyt kæmpe forskningscenter til Øresundsregionen?. Nat. Ver-
den (2003) v. 86 (no.1) p. 14-23
Lilholt, H.; Lystrup, Aa., Historiske kompositbegivenheder på Forskn-
ingscenter Risø. In: Jubilæumsskrift. Kompositsektionen under
Plastindustrien i Danmark fejrer 25 års jubilæum 1978-2003.
(TechMedia, Glostrup, 2003) p. 50-53
Martins, R.V.; Honkimäki, V., ID15 - Depth-resolved investigation of
friction stir welds using a novel strain and phase-mapping tech-
nique. ESRF Newslett. (2003) (no.38) p. 16
24th Risø International Symposium on
Materials Science - Superconductivity
and magnetism: Materials properties
and developments
Extended abstracts at the 24th Risø international symposium on
materials science, Risø (DK), 10-13 Sep 2003. Edited by Ander-
sen, N.H.; Bay, N.; Grivel, J.-C.; Hedegård, P.; McMorrow, D.;
Mørup, S.; Kuhn, L.T.; Larsen, A.; Lebech, B.; Lefmann, K.; Linde-
lof, P.-E.; Linderoth, S.; Pedersen, N.F. (Risø National Laboratory,
Roskilde, 2003):
Abrahamsen, A.B.; Eskildsen, M.R.; Andersen, N.H.; Canfield, P.C., In-
fluence of magnetism on flux line lattice in TmNi2B2C super-
conductor, p. 20-21
Chen, X.P.; Han, Z.; Grivel, J.-C.; Andersen, N.H., Analysis of Bi-2223
phase growth in Ag-sheathed (bi,Pb) 2Sr2Ca2Cu3O10+δ tapes,
p. 89-90
Christensen, N.B.; McMorrow, D.F.; Lake, B.; Rønnow, H.M.; Hayden,
S.M.; Aeppli, G.; Perring, T.G.; Tagaki, H., A comparison be-
tween the spin fluctuation spectra of underdoped and opti-
mally doped La2-xSrxCuO4, p. 70
Dinesen, A.R.; Linderoth, S.; Mørup, S.; Pryds, N.H., Magnetocaloric
properties of La0.67Ca0.33-xSrxMnO3 ± δ (x ∈[0; 0.33]), p. 49-50
Frandsen, C.; Mørup, S.; Lebech, B.; Lefmann, K.; Klausen, S.N.;
Kuhn, L.T.; Keller, L., Morin transition in a-Fe2O3 nano-particles
induced by inter-particle interactions, p. 3
Grivel, J.-C.; Andersen, N.H., Phase equilibria in the SrO - Sc2O3 - CuO
system with emphasis on the Sr14Cu24O41-d phase, p. 65
Kawano, S.; Takahashi, M.; Shigeoka, T.; Iwata, N.; Shiimoto, M.;
Lebech, B., Two-dimensional magnetic structures and the multi-
step metamagnetic phases in TbRu2Si2, p. 51-52
Klausen, S.N.; Lefmann, K.; Lindgård, P.-A. Kuhn, L.T.; Frandsen, K.;
Mørup, S.; Roessli, B.; Cavadini, N., Localised magnetic excita-
tion mode in hematite nanoparticles, p. 54-55
Kuhn, L.T.; Andersen, P.; Lefmann, K.; Andersen, N.H.; Nielsen, M.M.;
Paturi, P.; Raittila, J., Antiferromagnetism in YBa2Cu3O6+x
nanoparticles studied by elastic neutron scattering, p. 64
Lake, B.; Aeppli, G.; Christensen, N.B.; Lefmann, K.; McMorrow, D.F.;
Clausen, K.N.; Rønnow, H.M.; Hussey, N.E.; Vorderwisch, P.;
Smeibidl, P.; Mangkorntong, N.; Sasagawa, T.; Nohara, M.;
Takagi, H., Field-induced antiferromagnetism in the cuprate
high-Tc superconductor La2-xSrxCuO4, p. 68-69
Lebech, B.; Sikora, W., Symmetry analysis of the 4c sites in the rhom-
bohedral space group R3c and the magnetic ordering of
hematite, p. 56-57
Lindgård, P.-A., Theory and simulation of interacting ferro- and an-
tiferromagnetic nano-particles, p. 53
Nielsen, H.K.; Herdal, K-.A.H.; Lefmann, K., Exact diagnonalization
analysis of magnetic bloch oscillations, p. 91
Paturi, P.; Raittila, J.; Laiho, R.; Grivel, J.-C.; Andersen, N.H., YBCO/Ag
pit-tapes prepared with nanosized powder, p. 87-88
Toft, K.N.; Abrahamsen, A.B.; Andersen, N.H.; McMorrow, D.F.;
Jensen, A.; Jensen, J.; Hedegård, P.; Klenke, J.; Prokes, K.;
Smeibidl, P.; Danilkin, S.; Sikolenko, V.; Eskildsen, M.R.; Can-
field, P.C., The magnetic state of ErNi2B2C in an in-plane field,
p. 14-15
Xu, G.-J.; Grivel, J.-C.; Abrahamsen, A.B.; Andersen, N.H., Structure and
transport properties of double doped Mg1-x(Al0.5Li0.5)xB2, 
p. 79-80
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(P) president, (VP) vice president, (CH) chairman, 
(VCH) vice chairman, (M) member, 
(O) observer or other relations as indicated
Niels Hessel Andersen
International Association for the promotion of Co-operation
with scientists from the new independent states of the 
former Soviet Union INTAS. Expert evaluator.
Swedish SSF Program: Complex Oxide Materials for 
Advanced Devices. Advisory Group (M)
EFP-2001 Programme on DK Superconducting Tape 
Technology 2001-2003.  Steering Committee  (M)
Statens Teknisk-Videnskabelige Forskningsråd STVF.  
Faglig Forum (M)
Grant Review Committee appointed by the Italian 
Ministry for Education, University and Research. 
Evaluator DANSCATT (M)
Jørgen B. Bilde-Sørensen 
Dansk Naturvidenskabsformidling. Svarpanel
Scandinavian Society for Electron Microscopy. Board (M)
Dansk Selskab for Materialeprøvning og -forskning.
Bestyrelsen
Nikolaos Bonanos 
COST Action 525: Advanced electronic ceramics: Grain 
boundary engineering. Management Committee (M)
6th European Solid Oxide Fuel Cell Forum, Organizing 
Committee (M)
Kurt Nørgaard Clausen 
Round Table of Neutron Sources (CH)
International Union of Pure and Applied Physics, 
Magnetism Section C9 (M)
European Neutron Scattering Association ENSA, Committee (O)
Christian P. Debel
Danish Metallurgical Society. Board (M)
Morten Eldrup
International Conference on Position Annihilation. 
International Advisory Committee (VCH)
Robert Feidenhans’l 
IUCr Commission on Synchrotron Radiation (M)
European Synchrotron Radiation Society. Council  (VCH)
Dansk Center for Udnyttelse af Synkrotronstråling DANSYNC. 
Bestyrelsen (CH)
Danish Research Academy’s Graduate School of Biophysics. 
Board (M)
Center for Overflademetrologi og Funktionalitet. 
Bestyrelsen (M)
Danish National Committee for Crystallography (CH)
Henrik Flyvbjerg 
UK Peer Review College of Engineering and Physical Sciences 
Research Council (M)
Condensed Matter Section of the Danish Physical Society (M)
Anke Hagen
Danish Electrochemical Society. Substitute of board
Niels Hansen
COST DANAK,  technical assessor
COST Technical Committee on Materials (M)
COST Action 523: Nanomaterials in Materials Technology. 
Management Committee (M)
Peter Vang Hendriksen 
Steering Committee for EU Project G1RD-CT-1999-00023: 
Ceram Gas Management Board  
Samarbejds- og beslutningsudvalg i forbindelse med 
samarbejdsaftale mellem Risø og Haldor Topsøe A/S
Dorte Juul Jensen
GKKS Forschungszentrum Geestacht. 
Technical Scientific Advisory Board (M)
European Synchrotron Radiation Facility ESRF. 
Science Advisory Committee (M)
Female Researchers in Joint Action FREJA, 
Program committee (M)
Dansk Center for Udnyttelse af Synkrotronstråling (M)
Danish Center for Scientific Computing. (M)
COST Technical Committee on Materials (M)
Peter Halvor Larsen 
Nordic Society for Thermal Analysis and Calorimetry, Council 
Danish Society for Thermal Analysis and Calorimetry (M)
International Confederation for Thermal Analysis and 
Calorimetry (M)
Risø-HTAS fuel cell collaboration management board (M).
Bente Lebech, 
ESS-Scandinavia Science Group (M)
European Neutron Scattering Association ENSA Committee (M)
Studsvik Neutron Research Laboratory.  NFL Science Advisory 
Committee (M)
Danish National Committee for Crystallography (M)
Danish Neutron Scattering Society DANSSK  (CH)
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Torben Leffers 
Programkomitéen for Materialeforskning
Rådgivende gruppe vedrørende konkurrence- 
og bæredygtig vækst
Ingeniørvidenskabelig Fond og G.A. Hagemanns 
Mindefond. Bestyrelsen
Kim Lefmann 
European Spallation Source. Instrumentation Group, 
Simulation subgroup (M)
Danish Neutron Scattering Society DANSSK  (M)
Naturvidenskabelig Guerillagruppe (M)
STVF frame program Nanomagnetism. Steering Group (M)
Allan MacIntosch rejselegat (M)
ESS – Scandinavia Science Group (M)
Hans Lilholt 
European Society for Composite Materials. Council 
and Executive Committee (M)
International Committee of Composite Materials (M)
Danish Materials Science Programme Project: High 
performance hemp fibres and improved fibre network 
for composites. Steering Committee (M)
Research and Industrial Support Group for the research 
programme: Structural graded polymeric materials and 
filled polymers, Aalborg University (M)
Non-food program Plant Fibre Products -Defibration 
and Composites. Steering Committee (M)
Søren Linderoth 
Danish SOFC Strategy Steering Group (M)
Danish Solid Oxide Fuel Cell Programme. Steering 
Committee (CH)
Samarbejds- og beslutningsudvalg i forbindelse med 
samarbejdsaftale mellem Risø og HaldorTopsøe A/S. 
Management Board. (CH)
6th European Solid Oxide Fuel Cell Forum, Organizing 
Committee (M)
Per-Anker Lindgård 
Division of Physics in Life Sciences. Board (CP)
EU-FP6 evaluation committee (M)
Dorthe Lybye
Danish National Committee for Crystallography (M)
Aage Lystrup 
Danish Plastics Federation. Section for Composite Materials. 
Advisory Committee for Research and Education (M)
Danish Plastics Federation. Section for Composite Materials. 
Advisory Committee for a project on “Pretreatment of 
Composite Material for Recycling” (M)
Desmond F. McMorrow 
European Spallation Source, Scientific Advisory Council, 
Solid State Physics Panel (M)
Magnetism Commission, International Union of ure and 
Applied Pysics (M)
Commission on Sychrotron Radiation, International Union 
of Crystallography (M)
Scientic Committee SINQ, Paul Scherrer Institute, 
Switzerland (M)
XMAS Beamline Project Management Committee (M)
DANSCATT (M)
Mohan Menon
Danish Ceramic Society,  Excecutive Committee (M).
Mogens Mogensen
European Science Foundation Programme: Optimisation of 
Solid State Electrochemical Processes for Hydrocarbon 
Oxidation (OSSEP). Steering Committee (M)
Electrochemical Society. High Temperature Materials Division. 
Executive Committee (M)
NATO Science for Peace Programme: Lithium Ion 
Rechargeable Batteries. Advisory Board (M)
Danish Electrochemical Society, Executive Committee (P)
Danish Solid Oxide Fuel Cell Programme. 
Steering Committee (M)
Samarbejds- og beslutningsudvalg i forbindelse med 
samarbejdsaftale mellem Risø og Haldor Topsøe A/S
Statens Teknisk-Videnskabelige Forskningsråd (M)
EU Training and Mobility of Researchers Network Project: 
Investigation of High Temperature Solid Proton Conductors 
of Relevance to Fuel Processing 
Energy Conversion Applications. Project Management 
Committee (M)
6th European Solid Oxide Fuel Cell Forum, Organizing 
Committee (CH)
Karsten A. Nielsen
Danish Ceramic Society. Executive Committee (P)
Søren Fæster Nielsen
Danish Metallurgical Society. Board (M)
Ole Bøcker Pedersen
Annual International Colloquia on Fundamental Fatigue 
Mechanism. Stearing Committee (M)
Int. conf. on Fatigue Damage of Structural Materials V. 
Scientific steering committee (M)
Third int.conf. on Fatigues of Composites. 
Scientific committee (M)
Finn Willy Poulsen 
Danish Electrochemical Society, Executive Committee (M)
European Fuel Cell Forum. International Board of Advisors (M)
Norwegian Programme on Nanotechnology and New 
Materials (NANOMAT). Scientific Advisory Committee (M)
Nini H. Pryds 
COST Action 526: Automatic Process Optimization in 
Materials Technology. Management Committee (M)
Danish Metallurgical Society, Board (M)
Bachu N. Singh
European Fusion Development Agreement.  Brussels Scien-
tific and Technical Advisory Committee, Danish member   
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Anders Thygesen
Nova University, Treasurer for Nordic Student Forum Board
PHD students at KVL representing Risø. Coordination 
Committee (M)
Editorial Activities
Jørgen B. Bilde-Sørensen (Editorial Board)
Microscopy Research and Technique
Kurt Nørgaard Clausen (Editorial Board) 
Journal of Neutron Research
Morten Eldrup (Advisory Board) 
Materials Science Forum
Henrik Flyvbjerg (Editorial Board)
Theory in Biosciences
Niels Hansen (Editorial Board)
Revude de Matallurgie
Monographs in Material Science
Dorte Juul Jensen
Scripta Materialia, (Editor)
Zeitschrift für Matalkunde (Editorial Board)
Torben Leffers (Editorial Board)
Textures and Microstructures
Hans Lilholt (Editorial Board)
Advanced Composite Materials
Composites Science and Technology
Applied Composite Materials
Søren Linderoth (Advisory Board) 
Diffusion and Defect Data
Per-Anker Lindgård (Executive Editorial Board)
Journal of Physics: Condensed Matter
Desmond F. McMorrow (Advisory Editorial Board)
Journal of Physics: Condensed Matter
Mogens Mogensen (Associated editor)
Solid State Ionics
Karsten  A. Nielsen (Editorial Board)
Tidsskrift for Dansk Keramisk Selskab
Wolfgang Pantleon (Deputy editor)
Scripta Materialia
Allan Schrøder Pedersen (Editorial Board) 
Powder Metallurgy
Bent F. Sørensen (Editorial Board) 
Key Engineering Materials
Evaluation committees
Dorte Juul Jensen
Assessment of Ph.D. project at École Centrale, 
Paris, Jan. 2003
Jørgen Bilde-Sørensen 
Evaluation committee for associate professorship, 
Oslo University 2003
Per-Anker Lindgård 
Evaluation committee for several assistant and associate 
professorships (adjunkt/lektor), DTU,  2003
Henning Friis Poulsen
Assessment of Ph.D. project at the Technical University 
of Delft, Sep. 2003
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Towards new challenges.
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